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Summary 

This document presents the shortwave angular 
radiation models that are required for analysis of 
satellite measurements of Earth radiation, such as 
those from the Earth Radiation Budget Experiment 
(ERBE). The models consist of both bidirectional 
and directional parameters. The bidirectional pa- 
rameters are anisotropic function, standard deviation 
of mean radiance, and shortwave-longwave radiance 
correlation coefficient. The directional parameters 
are mean albedo as a function of Sun zenith angle and 
mean albedo normalized to overhead Sun. Derivation 
of these models from the Nimbus 7 ERB (Earth Ra- 
diation Budget) and Geostationary Operational En- 
vironmental Satellite (GOES) data sets is described. 
Tabulated values and computer-generated plots are 
included for the bidirectional and directional models. 

Introduction 

Analysis of satellite measurements for determi- 
nation of the Earth’s radiation budget requires in- 
formation about the angular characteristics of ra- 
diation that is reflected (shortwave) 1 and emit- 
ted (longwave) 1 from the Earth- atmosphere system 
(Smith et al. 1986). The angular characteristics can 
be defined by models which express, for an imagi- 
nary surface element at the top of the atmosphere, 
the exiting radiance for each direction out to space 
as a function of the total hemispheric flux leaving 
the element. In principle, a radiance measurement 
at a single angle can then be converted into an in- 
ferred hemispheric flux. For successful application 
of the angular models, it is necessary to classify the 
Earth observations into a set of scenes (e.g., ocean, 
land, snow, and clouds) and to have a complete set 
of angular models for each scene class. 

Past investigations of Earth radiation budget 
from satellite measurements have varied considerably 
in the approach to angular models for reflected ra- 
diation. To analyze the Nimbus 3 measurements, 
Raschke et al. (1973) used three scenes (ocean, snow, 
and a cloud-land combination) and “gross-empirical” 
models derived from a variety of sources including 
aircraft, balloons, and early satellite data. The scene 
identification was a static process, since the scene 
type for a given measurement location was deter- 
mined a priori. Because of the lack of well-defined an- 
gular models, Gruber (1977) assumed isotropy for all 
shortwave observations while analyzing the National 
Oceanic and Atmospheric Adminstration (NOAA) 


1 Reflected radiation occurs primarily in the shortwave 
spectral region (0-5 /im), and emitted radiation occurs pri- 
marily in the longwave region (> 5/xm). 


Scanning Radiometer (SR) data. The isotropy as- 
sumption obviated the need for scene identification 
and detailed models; however, accuracy of the results 
was reduced considerably. For the Nimbus 7 Earth 
Radiation Budget (ERB) measurements, Jacobowitz 
et al. (1984) used four scenes (ocean, land, snow- 
ice combination, and cloud); a threshold method 
based on climatological values of reflected and emit- 
ted fluxes for cloud identification; and detailed an- 
gular models for each scene. The angular models for 
this analysis were derived by Taylor and Stowe (1984) 
from the ERB scanner observations. The ERB data 
processing was the first attempt to use a dynamic 
cloud-identification procedure for radiation budget 
analysis. 

The recent Earth Radiation Budget Experiment 
(ERBE) described by Barkstrom and Smith (1986) 
has a complex system of inversion algorithms which 
include angular radiation models. The ERBE in- 
version algorithms (Smith et al. 1986) use a set of 
12 scenes, a Maximum Likelihood Estimation (MLE) 
scene identification method, and a comprehensive set 
of angular models. Because of the special require- 
ments of the MLE method, statistical parameters are 
required as part of the angular model data set (Smith 
et al. 1986). 

The purpose of this report is to describe and 
present the shortwave angular models and associated 
statistical quantities that have been developed for 
the ERBE inversion algorithms. This report is Vol- 
ume I of a set of two documents; Volume II describes 
the longwave models developed for the ERBE analy- 
sis. The shortwave models include bidirectional and 
directional parameters and were derived from exist- 
ing Nimbus 7 ERB and Geostationary Operational 
Environmental Satellite (GOES) measurements and 
from theoretical relations. Bidirectional parameters 
are: anisotropic function, standard deviation of mean 
radiance, and shortwave-longwave correlation coeffi- 
cient. Directional parameters are: mean albedo as a 
function of Sun zenith angle and mean albedo nor- 
malized to the overhead Sun value. A brief descrip- 
tion of the model characteristics and derivation is 
presented. Tabulated values and computer-generated 
plots of the models are also included. 


Symbols 


A 

albedo 

Ai 

average albedo for ith solar- 
zenith-angle bin 

a, b 

known values used in 
interpolation 



Cjk coefficient in normalization 

equation for anisotropic factors 
for angle bin with jth viewing- 
zenith-angle and fcth relative- 
azimuth-angle ranges 

COVAR (sw } Iw ) covariance between shortwave 
and longwave radiance 

Eq solar constant, 1376 W/m 2 (value 

for mean Earth-Sun distance) 

ERB Earth Radiation Budget 

GOES Geostationary Operational 

Environmental Satellite 

L radiance, W/(m 2 -sr) 

L f normalized radiance (see 

eq. (13)) 

Lijk average radiance for angle bin 

having zth solar-zenith-angle, jth 
viewing-zenith-angle, and Arth 
relative-azimuth-angle ranges, 
W/(m 2 -sr) 


\i cosine of viewing (e.g., satellite) 

zenith angle 

/i o cosine of solar zenith angle 

p correlation coefficient between 

shortwave and longwave radiance 

0 standard deviation of radiance, 
W/(m 2 -sr) 

<t> azimuth angle, deg 

( Pr relative azimuth angle, deg (see 

% i) 

Subscripts and superscripts: 

1 index for solar- zenith- angle bin 

J index for viewing-zenith-angle 

bin 

k index for relative-azimuth-angle 

bin 

L land scene type 

Iw longwave 


M 

radiation flux, W/m 2 

Mi 

average radiation flux for tth 
solar-zenith-angle bin, W /m 2 

N 

number of observations 

^ijk 

number of observations for angle 
bin having ith solar-zenith-angle, 


jth viewing-zenith-angle, and kth 
relative-azimuth-angle ranges 

R 

shortwave anisotropic function 
(defined by eq. (2)) 


rn 

index for a given observation in 
an angle bin 

mix 

value for mix of 50-percent ocean 
and 50- percent land 

n 

index for colatitude angle bin 

O 

ocean scene type 

Q 

index for seasons 

r 

reflected 

sw 

shortwave 


Rijk average shortwave anisotropic 

factor for angle bin having ith 
solar-zenith-angle, jth viewing- 
zenith-angle, and Hh relative- 
azimuth-angle ranges 

r Earth-Sun distance, km 

r$ mean Earth-Sun distance, km 

o unknown values in interpolation 

equation 

normalized albedo function for 
zth solar-zenith-angle bin 

6 viewing zenith angle, deg (see 

fig- 1) 

#0 solar zenith angle, deg (see fig. 1) 


A bar over a symbol denotes average value. 

Scene Types and Angular Grid 

The scene types selected for the ERBE data anal- 
ysis (Smith et al. 1986) are used in this work. These 
scene types were defined on the basis of broad cate- 
gories of climatologically important surface and cloud 
features and are given in table 1. The desert scene 
includes vegetated and nonvegetated types, and the 
snow scene includes snow and ice. There are twelve 
scene types: nine basic types and three mixed types. 
Data for the land-ocean mixed scenes are derived 
from values for the basic types as described in the 
section entitled “Mixed-Scene Models.” Four levels 
of cloud coverage are included: clear sky (0 to 5 per- 
cent), partly cloudy (5 to 50 percent), mostly cloudy 
(50 to 95 percent), and overcast (95 to 100 percent). 
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The surface type at a given location on the Earth can 
be determined a priori by reference to a geographic 
map or atlas. The presence of a cloudy scene must 
be determined as part of the data processing using 
a scene identification technique. Note that a scene 
identification procedure must be applied during both 
the development and application stages for the angu- 
lar models. Because of differences in measurements 
available in the two stages, the scene identification 
methods for development and application, in general, 
are not the same. 

The shortwave models in this report are defined 
according to the angular coordinate system shown in 
figure 1. The principal plane is the plane containing 
the ray from the Sun to the target area and the zenith 
ray that is normal to the target area. For an exiting 
ray (e.g., to a satellite), the relative azimuth angle <j)ft 
is measured from the principal plane on the side away 
from the Sun. Thus, forward reflecting corresponds 
to <t>ji = 0°, and backward reflecting corresponds to 
<t>R = 180°. 

To describe the angular variation of radiance, the 
angular coordinates are divided into ranges called 
“bins,” and the model is represented by mean values 
for each bin. Table 2 gives the angular bin definitions 
for the solar zenith angle, viewing zenith angle, and 
relative azimuth angle. Symmetry about the prin- 
cipal plane is assumed for the azimuth angle. The 
illustration accompanying table 2 shows no bins for 
the first viewing-zenith-angle bin because, in fact, 
little variation exists. To derive a value for this so- 
called “cap bin,” data for all azimuths are included 
in determining the average. However, as a practical 
matter for computer application, azimuthal bins are 
also provided for the first zenith bin to avoid index- 
ing problems. This is accomplished by replicating the 
cap-bin value for all azimuths. The data presented 
in this report include this replication. 

Shortwave Model Parameters 

Models required for scene identification and con- 
version of satellite-measured shortwave radiance to 
flux include both bidirectional and directional pa- 
rameters. These parameters are discussed in the sec- 
tions which follow. 

Bidirectional Parameters 

The bidirectional model parameters are based on 
the following relation between radiance L and flux 
M: 

r2n ri\ r/2 

M(0q) = / d<f> I d6 L(0 q,0,4>) cos 0sin 0 (1) 

J<t>=o Je = o 


An anisotropic function R where 

m(i n - * L WoA4) 

R(0 o ,6,<t>) - m{$q) (2) 

is defined as the ratio of the equivalent Lambertian 
flux to the actual flux. Thus, if the radiance is Lam- 
bertian, that is, independent of viewing zenith angles 
and azimuth angles, then R = 1. By substituting 
equation (2) into equation (1), a normalization con- 
dition for R can be written as 



Using the finite angular bins previously described 
and assuming the variation over each bin to be 
constant at the corresponding bin-mean value, the 
integrals in equations (1) and (3) can be written as 
the following summations: 

8 7 

= (^ t+i “ **) ^2 Lx * k ( sin2 ■ sin2 *j) 

k=l j= 1 

and 

8 7 

7T -1 ^2 (*k+i - <l>k) ^2 R v k ( sin2 “ sin2 e i) = 1 

k—\ j = 1 

( 5 ) 

Equation (5) can be further simplified to 
8 7 

EE C A = 1 ( g ) 

k=lj=l 

where 

Cjk = 7T _1 (<j> k+1 - <p k ) (sin 2 0 j+1 - sin 2 e/j (7) 

and values for Cjk are given in table 3. 

In equations (4) to (6) the barred quantities are 
values that have been averaged over the observations 
for the angular bin defined by the indices i, /, and k. 
Index i refers to solar zenith angle, index j refers to 
viewing zenith angle, and index k refers to relative 
azimuth angle. Also, note the change in terminology 
between the continuous, anisotropic function R and 
its discrete approximation Rijk, which is called the 
anisotropic factor. 

To use the angular models with the MLE scene 
identification method, other statistical parameters 
are needed. These parameters are the standard 
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deviation of the mean radiance for each angle bin. 


® ijk — 


1 


Nijk 




N . , 


m =i 


^ j km L ij k ) 


( 8 ) 


and the shortwave-longwave (sw-lw) radiance corre- 
lation coefficient, 


Pijk — 


1 


N *jk , 

E \ r 3 w _ 
. [^ijkm 
m—i 


Tsw \ ( rlw _ 
^ ijk ) y^ijkm 



SW plw 

ijk ijk 


( 9 ) 


In these equations, represents the number of 
observations for the ijkth bin, and m is the index for 
the observations. Equations (I) to (8) apply to both 
shortwave (sie) and longwave ( Iw ) radiation; thus, 
no superscript was used. However, in equation (9), 
it is necessary to distinguish between the sw and Iw 
radiation by using superscripts. 

To simplify the notation in subsequent equations, 
the bar denoting bin averages is omitted and all 
quantities with subscripts ijk are understood to be 
bin- averaged values. 

In summary, the principal shortwave bidirectional 
parameters for the bin-averaged angular models are 
as follows: the anisotropic factor the standard 
deviation of the mean radiance (J x jk^ and the sw- 
Iw correlation coefficient The normalization 

condition for R{jk, which is given by equation (6), 
is also an important constraint to ensure radiation 
energy conservation. 


Directional Parameters 


For the present angular model data set, the di- 
rectional parameters are the albedo as a function of 
solar zenith angle and a normalized albedo function 
obtained by dividing each albedo value by the cor- 
responding overhead Sun value. Albedo is defined 
as 


A(0 o ) = 


MAOp) 

(cos 9q)Eq 


( 10 ) 


or, in terms of the solar-zenith-angle bins, it is de- 
fined as 


Ai = 


Mrs 

(cos 0q, i)Eo 


(i = 10) (11) 


where M r is the reflected (i.e., shortwave) flux and 
Eq is the solar constant corrected for Earth-Sun 
distance. Therefore, the normalized albedo function 

* s A 

= T J - (1 = 1 , 2 ,. .., 10 ) ( 12 ) 

A i= 1 
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Satellite Data Sets 

Ideally, angular models would be based on broad- 
band satellite measurements with unbiased sampling 
over all viewing conditions and solar zenith angles 
and over the entire globe. It is also desirable to 
use high-resolution measurements for cloud detec- 
tion to ensure accurate sorting by scene type. Un- 
fortunately, no single satellite can satisfy all these re- 
quirements, primarily because of the orbit-dependent 
sampling biases inherent in satellite measurements. 
Currently, the Nimbus 7 ERB scanner provides the 
most extensive data available for constructing the re- 
quired bidirectional models. Data from the Geosta- 
tionary Operational Environmental Satellite (GOES) 
are very useful for establishing directional models be- 
cause of its diurnal sampling capability. 

The Nimbus 7 ERB derives its samples from a 
noon Sun-synchronous orbit. Therefore, ERB data 
provide global coverage, but they contain a high 
correlation between latitude and solar zenith angle 
and do not sample all Sun angles at a given lat- 
itude. With its multiaxis scanning capability, the 
ERB scanner does sample all viewing angles. For 
cloud detection, the relatively coarse resolution of the 
ERB scanner (90 km or larger) requires that infor- 
mation from higher resolution sensors be used. As 
a result of its sampling biases, ERB scanner data 
are more useful for deriving bidirectional parameters 
than directional parameters. 

On the other hand, GOES data are obtained from 
a geostationary satellite orbit. The GOES instru- 
ment allows complete diurnal sampling of evey point 
within its field of view, has relatively high resolution, 
and has both visible and infrared channels. There- 
fore, GOES provides complete solar-zenith-angle cov- 
erage and good cloud-detection capability. However, 
GOES data contain a one-to-one correspondence be- 
tween geographic position and viewing zenith an- 
gle and provide coverage of only about 20 percent 
of the Earth’s surface. Also, GOES instruments 
have narrow spectral-band channels and are not cal- 
ibrated. Thus, to obtain calibrated broadband radi- 
ation results from GOES, it is necessary to use other 
measurements, such as Nimbus 7 ERB, to provide 
a narrowband-to-broadband conversion and calibra- 
tion. Because of its orbital sampling characteristics, 
GOES is more useful for deriving directional param- 
eters than bidirectional parameters. 

As a consequence of their sampling limitations, 
neither Nimbus 7 nor GOES data are complete by 
themselves, so construction of hybrid angular mod- 
els appears to be the best approach. Even the com- 
bination of Nimbus 7 ERB scanner and GOES data 
does not fulfill all data requirements and theoretical 
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relations such as the Helmholtz Reciprocity Principle 
must be used. The use of this principle is discussed 
in a subsequent section. 

Nimbus 7 ERB Data Processing 

Measurements from the Nimbus 7 ERB scan- 
ner provided the primary source of information for 
the bidirectional parameters presented in this re- 
port. The ERB instrument is described in detail by 
Jacobowitz et al. (1984), so only a general description 
is necessary here. The ERB scanner consists of four 
optical telescopes, each of which has a broadband 
shortwave (0.2 to 4 /zm) and longwave (5 to 50 /zm) 
channel. This instrument has a multiaxis scanning 
capability. It can scan from horizon to horizon along 
the orbital track and scan to a viewing zenith angle of 
72° in the cross-track direction. At the nadir, spatial 
resolution is about 90 km x 90 km, and it increases 
to as much as 250 km x 250 km at the maximum 
scan angle. 

The ERB measurements were processed at the 
NOAA National Environmental Satellite, Data, and 
Information Service using methods described by 
Taylor and Stowe (1984, 1986). The data were sorted 
into the angular bins and scene types described pre- 
viously. Scene identification was performed with an 
improved Nimbus 7 cloud-detection algorithm de- 
scribed by Stowe et al. (1988). Previous results were 
obtained using the cloud-ERB (CLE) algorithm. The 
improved cloud-detection scheme, called the new 
CLE (NCLE) algorithm, uses measurements from 
the Temperature and Humidity Infrared Radiome- 
ter (THIR) and the Total Ozone Mapping Spec- 
trometer (TOMS), both of which are on the Nim- 
bus 7 spacecraft with the ERB instrument. The 
NCLE is based on a surface temperature analysis 
from 3-hourly, Air Force 3-D nephanalysis data (Fye 
1978); on reflectance data from the ultraviolet chan- 
nel of the TOMS; and on infrared window channel 
emission from the THIR. To derive angular models, 
simultaneous data from the ERB scanner, TOMS, 
THIR, and the surface temperature analysis were 
available for 205 days of the period from April 1, 
1979, to June 22, 1980. 

For each angular bin where sufficient data were 
available, results were determined for the follow- 
ing: mean shortwave ( sw ) and longwave ( Iw ) ra- 
diances, standard deviation of sw and Iw radi- 
ances, sw-lw radiance correlation coefficients, and 
sw and Iw anisotropic functions. To remove varia- 
tions caused by Earth-Sun distance and solar zenith 
angle, which would tend to bias the bin-averaged 
radiance, each radiance measurement is normalized 
to 1 astronomical unit (AU) and overhead Sun (i.e., 


m = cos 0 O = 1) before averaging. The radiance nor- 
malization is given by 



where L' is the normalized radiance, /z 0 is the cosine 
of the solar zenith angle for the measurement, r is 
the Earth-Sun distance at the time of the measure- 
ment, and tq is the mean Earth-Sun distance (i.e., 
value for 1 AU). For subsequent calculations requir- 
ing radiance values, a correction is made for the solar 
zenith angle of the bin by multiplying the bin-mean 
normalized radiance by the cosine of the solar zenith 
angle at the midpoint for the bin. However, the ref- 
erence of 1 AU is retained for mean radiances, and 
albedos are calculated using the solar constant for 
the mean Earth-Sun distance. 

The anisotropic factor Rijk was determined by 
first using equation (4) to integrate the bin-mean nor- 
malized radiance over all viewing bins; this integra- 
tion resulted in a normalized flux. The anisotropic 
factor then followed from application of the discrete 
form of equation (2) with use of the normalized ra- 
diance and flux. The effect of solar-zenith-angle nor- 
malization cancels in this case. The albedo as 
defined by equation (11) with a 1-AU reference, was 
determined by dividing the normalized flux by the so- 
lar constant for mean Earth-Sun distance. That is, 
the solar-zenith-angle normalization includes the co- 
sine of the solar- zenith-angle factor in equation (11). 
Finally, the normalized albedo function is determined 
by using equation (12). 

GOES Data Processing 

The GOES and ERB scanner results were used 
to determine the mean albedo for each solar-zenith- 
angle bin and scene type. For GOES results, the 
analysis of November 1978 GOES-East data by 
Minnis and Harrison (1984b, 1984c) was used. 
Narrowband GOES data were converted to broad- 
band radiances using spectral calibration functions 
determined empirically from collocated Nimbus 7 
ERB and GOES-East measurements over ocean, 
land, and cloud surfaces. With bidirectional re- 
flectance models derived from GOES and aircraft 
data for ocean, land, and clouds, the GOES esti- 
mated broadband radiances were then used to de- 
termine radiation fluxes and albedos. The albedo 
results were sorted by the angular bins and scene 
types previously described. The scene identification 
was based on an analysis of GOES data using the 
method of Minnis and Harrison (1984a), which uses 
8-km infrared data and 1-km visible data sampled 
every 8 km. 
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Spectral calibration functions derived from col- 
located GOES data and preliminary ERBE data 
revealed a solar-zenith-angle dependence in the cal- 
ibration function that could not have been deter- 
mined with the original Nimbus 7 ERB and GOES- 
East data sets. This solar-zenith-angle relationship 
was used to correct the original albedos reported by 
Minnis and Harrison (1984c), The resulting changes 
in the albedos were minor except for the clear-land 
model, where the corrected results show less varia- 
tion with Sun angle. 

Model Development 
Bidirectional Models 

Measurements from the Nimbus 7 ERB scan- 
ner provided the primary data source for deriving 
the bidirectional parameters of the nine basic scene 
types. Unfortunately, values for certain combina- 
tions of angle bin and scene type were not available 
from the ERB measurements.. Some of the bin values 
were either missing or of questionable value because 
of small sample populations. Values derived with less 
than 8 samples for the bin were considered to be non- 
representative and were treated as missing. Two dis- 
tinctly different problems occurred. One problem in- 
volved values missing for an entire solar-zenith-angle 
bin, and the other involved values missing for a few 
scattered viewing-zenith-angle bins. The treatment 
of these problems is discussed in this section. 

The first, and most serious, type of problem 
involved values missing for an entire solar-zenith- 
angle bin. Table 4 shows the scene types and so- 
lar bins where this problem occurred and methods 
used to establish values for the anisotropic functions. 
Since GOES data are not appropriate for providing 
the missing values, the Helmholtz Principle of Reci- 
procity (see appendix A) and empirical relations for 
the desert scene (Staylor and Suttles 1986) were used. 
The use of the empirical relations for deserts was 
limited to intermediate solar angles, since this was 
the limit of data available in deriving the relations. 
Missing data for other bidirectional model parame- 
ters (standard deviations and correlation coefficients) 
were estimated, because no reciprocity or empirical 
relations were available for them. Standard devia- 
tion of mean radiance was estimated using the cor- 
responding viewing-zenith-bin dispersion values (ra- 
tio of standard deviation to mean radiance) from 
the nearest solar-zenith-angle bin where data were 
available. The sw-lw correlation coefficients were as- 
sumed to be zero, since a recent study (Smith et al. 
1986) has shown the MLE scene identification to be 
insensitive to this parameter. 


The second type of problem involved values miss- 
ing for occasional, isolated viewing-angle bins which 
generally occurred at the largest viewing-angle bins. 
In general, the reciprocity principle was not effec- 
tive for these cases, because values from the high- 
est solar bin would be required and these were ei- 
ther missing or were somewhat questionable. In 
most of these cases, values were determined by 
interpolation. However, for some situations, the in- 
terpolated values produced unusual variations or un- 
reasonable reciprocity results. In these cases, more 
reasonable values were estimated to correct the dif- 
ficulties. The interpolations were performed using a 
bilinear approach. The linear interpolation was first 
done along the azimuthal direction and then along 
the viewing zenith direction. The results from both 
interpolations are then averaged to get the estimated 
value. This operation was performed for the missing 
anisotropic functions, standard deviations, and cor- 
relation coefficients. The interpolation schemes used 
are as follows: 


Case 

Bin configuration 

Interpolated value of x 

1 

a x 

a 

2 

a o x 

a 

3 

a o o x 

Unknown 

4 

a x o o 

a 

5 

a o x o 

a 

6 

a x b 

a/2 + 6/2 

7 

a x o b 

2a/3 + 6/3 

8 

a x o o b 

a 

9 

a o x o b 

Unknown 1 


^Use i- value in other direction if available; if not available, 
use x = (a/2) + (6/2) . 

In the preceding table, “a” and “6” are known val- 
ues, “o” is an unknown value, and “x” is the value 
to be determined. After an interpolated value is 
found, it is never used as a known value to inter- 
polate for missing data. The possibility exists that a 
value would be undeterminable. For example, case 3 
demonstrates an instance in which a value for “x” 
cannot be determined. Fortunately, such cases are 
few, but when they occur, values are estimated using 
linear extrapolation or scaling from data in neighbor- 
ing solar-zenith-angle bins. 

After obtaining values for all angle bins, the mod- 
els were checked using the normalization criterion 
(i.e., eq. (6)), and, if necessary, the anisotropic fac- 
tors were adjusted and recomputed. Final model 
values satisfy the normalization criterion to within 
± 0 . 0001 . 
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Directional Models 

Because of sampling biases in the satellite data, 
the directional models presented here are based on a 
hybrid of Nimbus 7 ERB and GOES Measurements. 
Briegleb et al. (1986) showed that, for the range of 
commonly available solar zenith angles, albedos de- 
rived from nearly simultaneous GOES and Nimbus 7 
data are within ±0.01 of each other. Thus, the two 
data sets yield nearly the same albedo variation with 
Sun angle for scenes that both satellites view. There- 
fore, it is assumed that the albedos derived from 
GOES data over other scenes at other Sun zenith an- 
gles would be very close to those which would have 
been measured by Nimbus 7 if such measurements 
were possible. In effect, the GOES data extend the 
sampling capabilities of Nimbus 7. 

For convenience, the directional models are nor- 
malized by dividing each bin value of albedo by the 
value for the first solar-zenith-angle bin. Thus, the 
model can be defined in terms of the normalized func- 
tion (a shape function) and the albedo for the first 
solar bin (a reference value). Because of the sam- 
pling characteristics previously mentioned, it was as- 
sumed that the GOES data yield the best estimate of 
the shape function for tropical and subtropical lat- 
itudes (i.e., about one-half of the globe) and that, 
aside from the lowest solar zenith angles, the Nim- 
bus 7 ERB data best describe the shape function for 
middle and high latitudes. Differences in the mixes 
of cloud types and land surface types are expected 
to give rise to differences in the solar-zenith-angle 
dependence of albedo. Since a set of models that 
represent the global mean for each scene type is re- 
quired, a simple average of the GOES and Nimbus 7 
ERB models was used to construct the hybrid direc- 
tional models. Several exceptions to this averaging 
process are noted in this section. 

For the Nimbus 7 ERB data, a geographically 
dependent sampling caused unreasonable changes in 
the variation of albedo with Sun angle for several 
scene types. For example, there was a significant 
decrease in albedo for overcast and mostly cloudy 
scenes over ocean at low solar zenith angles and for 
mostly cloudy scenes over land at high solar zenith 
angles. In those cases, the Nimbus 7 ERB data were 
subjectively smoothed before being averaged with the 
GOES data. 

The Nimbus 7 and GOES models used in the 
averaging process are shown in figures 2 and 3 for 
ocean and land, respectively. For the most part, the 
models show good agreement over clear and partly 
cloudy ocean and clear and overcast land. The dif- 
ferences between the GOES and Nimbus 7 models for 


the other categories may be a reflection of differences 
in cloud types over the respective areas sampled by 
the two satellites. It was determined from the Nim- 
bus 7 cloud data that the percentages of cirrus clouds 
in the total cloud cover for the mostly cloudy and 
overcast ocean categories are twice as high in the first 
two solar bins as they are in all other solar bins. This 
implies that cirrus clouds, which have a relatively low 
albedo, are more frequently observed over the tropi- 
cal ocean than over other marine areas. The GOES 
data, which are more representative of tropical areas, 
yield lower albedos than the Nimbus 7 data at most 
solar zenith angles. Over land areas, cirrus clouds 
are observed almost as frequently poleward of 30° 
latitude as they are between 30° S and 30° N (War- 
ren et al. 1986), which may be one reason that the 
albedos from the two satellites for the overcast and 
mostly cloudy categories over land are closer than 
those over ocean. In almost all cases, the albedos in 
the two figures increase with increasing solar zenith 
angle. 


Two other exceptions to the simple averaging 
rule for constructing the models occurred for the 
clear-over-snow and clear-over-desert scenes, because 
GOES results were unavailable for those scene cate- 
gories. Also, the ERB results for albedo variations 
with Sun angle for those scenes appeared to be er- 
ratic for reasons explained subsequently. Theoreti- 
cal results were therefore used to establish the shape 
function, and the ERB albedos were fit to this func- 
tion using a least-squares approach. The radiative 
transfer code for the theoretical calculations is de- 
scribed by Wiscombe, Welch, and Hall (1984). For 
the snow theoretical model, Lambertian surface re- 
flectance data for new winter snow were used with 
atmospheric data for a cloud-free midlatitude region. 
When fitting the Nimbus 7 ERB data to the model 
results, the ERB albedo values at solar bin 3 (Mean 
cos 0 q = 0.75) and solar bin 4 (Mean cos 9 q — 0.65) 
were not used because of their marked deviation from 
the rest of the data. Those values were derived from 
midlatitude regions where the snow would come from 
forested areas or would be patchy and hence pro- 
duce anomalously lower albedos. Results of the fit 
are shown in figure 4. For the desert, Wiscombe’s 
calculations for a clear Arabian Desert and a Lam- 
bertian surface reflectance were fit to the Nimbus 7 
ERB data. The ERB desert data contain samples 
from both vegetated and nonvegetated desert regions 
over the entire Earth; nevertheless, samples were 
only available for the first six solar-zenith-angle bins. 
Results for the desert albedo variation are given in 
figure 5. 
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Mixed-Scene Models 

Since the Nimbus 7 ERB data were not sorted 
for the mixed-scene types (i.e., clear over land-ocean 
mix, partly cloudy over land-ocean mix, and mostly 
cloudy over land-ocean mix), models for these scenes 
were determined by computations. It is assumed 
in these computations that observations of a mixed 
scene are either ocean or land with an equal (i.e., 
50-percent) probability of being one or the other. 

Equations for computation of the mixed-scene 
parameters are developed in detail in appendix B and 
are summarized below: 

Mean albedo: 


Af x = \(A? + Af) (14) 


bin, and gth season. Global average longwave results 
were determined by 


1 



Other longwave parameters were calculated in a sim- 
ilar manner. 

The correlation coefficient for mixed scenes is 
defined by 


N 


_ mix 

Pijfc 


^ [COVAR {sw,lw)]ij kn 

71=1 


(-’SfL, 1 * 


mix | 

/ Iw 


(19) 


Anisotropic factor: 

= + < 15 > 


Standard deviation: 



where fiQ — cos 0$^. 

The sw-lw correlation coefficient computations 
were more complicated. The complications arose 
mainly from the fact that both shortwave and long- 
wave data are involved and that these two data 
sets were sorted according to two different binning 
schemes. The shortwave data were binned accord- 
ing to scene type, Sun angle, viewing zenith angle, 
and relative azimuth angle, The longwave data were 
binned according to scene type, viewing zenith an- 
gle, colatitude, and season. Colatitude sorting was 
done for 18, 10° zones, and seasonal sorting was 
done for winter (December, January, and Febru- 
ary), spring (March, April, and May), summer (June, 
July, and August), and fall (September, October, and 
November). 

Yearly averaged longwave data were computed as 
follows: 

( a jn)i w = [( a jnq)lw\ j ( 17 ) 

where (a j nq )i w represents the longwave standard de- 
viation for the jth viewing zenith bin, nth colatitude 


where n is the colatitude index and N = 10. 

The covariance between the shortwave and long- 
wave radiance is computed as follows: 

[COVAR (•w,lw)]ijkn = \ [/»£■* ("ijk) aw 

+ \ [p?jk ( a ?jk) aw O 7 ^)^] 



Overcast Cloud Models 

The Nimbus 7 ERB and GOES data were sorted 
into models for overcast clouds separately over ocean 
and land, but the ERBE scene classifications include 
only a general overcast type. Therefore, all param- 
eters for the overcast model were computed using a 
population and energy (albedo) weighted average of 
the overcast-over-ocean and overcast-over-land val- 
ues, which are plotted in figure 6. 

Results 

Results for the angular radiation models are given 
in the form of tables of the bin-averaged values and 
computer-generated plots of these values. 

Bidirectional Models 

Figures 7 to 18 contain the bidirectional models 
for the 12 ERBE scene types. For each of the angle 
bins, bin-mean values are given for the anisotropic 


I II 
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reflectance factor the standard deviation of the ra- 
diances in W/(m -sr), and the sw-lw correlation co- 
efficient. To identify the data source, a number is 
given in parentheses by each value. These numbers 
are defined in table 5. 

Plots of the anisotropic factors for each scene type 
are also given in figures 7 to 18. Since anisotropic 
factors greater than 2 are usually associated with 
regions of high rate of change and relatively large 
uncertainty, the models are questionable in these re- 
gions; hence, plots were restricted to values < 2.0. 
No attempt was made to smooth the models; the val- 
ues were simply connected by straight lines to form 
the plots. In general, the anisotropic factors have 
small variations in the first 3 solar angle bins, but 
then have significant increases with increasing view- 
ing zenith angle (i.e., a limb-brightening effect) at 
higher solar angles. There are two notable exceptions 
to this characteristic behavior. In the first 3 or 4 solar 
bins, the ocean scene shows significant effects of spec- 
ular reflection at the surface near the zenith angle of 
the Sun in the forward scatter direction. The effect 
of specular reflection can be seen in the anisotropic 
factors of the clear-over-ocean scene (fig. 7), the clear 
over land-ocean mix (fig. 11), the partly cloudy-over- 
ocean scene (fig. 12), and the partly cloudy over 
land-ocean mix (fig. 14) and to a slight degree in the 
mostly cloudy-over-ocean (fig. 15) values. The other 
exception is for the clear-over-snow (fig. 9) scene, 
where the anisotropic factors decrease with increas- 
ing viewing zenith angle (limb darkening) in the first 
3 solar-zenith-angle bins. In this case, the upward ra- 
diation is dominated by the very high surface albedo 
of snow, except at the large viewing angles, where the 
atmospheric absorption reduces the radiation leaving 
the top of the atmosphere. 

The models also become more anisotropic with 
increasing solar zenith angle. For example, the 
anisotropic factor decreases at small viewing zenith 
angles (i.e., near nadir) and increases at large viewing 
zenith angles with increasing solar zenith angle. 

The standard deviations exhibit no definite pat- 
tern of variation except that as the radiance and 
anisotropic factors become large, the standard 
deviation also becomes large. To examine the vari- 
ation of standard deviation with scene type and 
solar angle, the mean dispersion (i.e., standard de- 
viation divided by mean radiance) over viewing 
angles was computed and averaged over the viewing- 
angle bins for each solar-zenith-angle bin. Results 
are given in figure 19 for the ocean and land scene 
types with various cloud covers. It is shown that the 
partly and mostly cloudy scenes have larger disper- 
sions than the clear and overcast scenes; this is to 
be expected because of the range of cloud fractions 


involved. Also, the dispersion of the cloudy scenes 
generally decreases with increasing solar zenith an- 
gle, behavior that is not expected. This characteris- 
tic may be a result of the high correlation between 
latitude and Sun angle for the Nimbus 7 ERB data. 
Thus, the larger dispersions in the first few solar- 
zenith-angle bins would be caused by the large height 
variations of convective cloud fields in the tropics, 
and the lower dispersions in the last few solar-zenith- 
angle bins would result from stratiform cloud fields 
in the polar regions. Dispersions for intermediate so- 
lar bins are produced by the midlatitude cloud fields 
which, on average, would include significant contri- 
butions from both convective and stratiform types. 

Directional Models 

Results for the directional models are presented in 
tables 6 and 7 and in figures 20 to 22. Table 6 con- 
tains the albedos as a function of solar-zenith-angle 
bin number for all 12 categories. The corresponding 
directional models (albedos normalized to the bin-1 
value) are given in table 7. Albedo increases with 
increasing solar zenith angle for all categories except 
snow. 

The overcast model is very similar to the ocean 
overcast model, because the population statistics 
heavily favor ocean data by factors ranging from 3 to 
16. Thus, the overcast model is actually more rep- 
resentative of marine overcast conditions. The max- 
imum values of the normalized models are 1.54 and 
1.46 over ocean and land, respectively; therefore, it 
does not appear that using the normalized overcast 
model over land areas will introduce any significant 
errors. In the determination of the scene identifi- 
cation, however, the value of albedo is important. 
The albedos for overcast and mostly cloudy-over- 
ocean scenes in figure 20 are separated by about 0.18 
•at low solar zenith angles, and they gradually con- 
verge to a separation of about 0.10 in the last angle 
bin. This separation properly represents the mean- 
albedo statistics for these conditions over ocean. In 
figure 21, however, the two curves for these categories 
have a maximum separation of only 0.12 in the first 
bin and rapidly converge at higher solar zenith an- 
gles. Thus, the distribution between mostly cloudy 
and overcast conditions is muddled over land areas. 
This distribution may cause some significant scene 
selection errors over land areas. 

Preliminary albedos from the first ERBE valida- 
tion studies (Smith, Barkstrom, and Harrison 1987) 
are consistent with the albedo models shown in fig- 
ures 20 to 22 except for two cases, mostly cloudy over 
land and overcast over land. For scenes identified as 
overcast over land, these initial ERBE-derived albe- 
dos are similar to the land albedo model in figure 6 
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for the first few solar bins and gradually approach 
the overcast albedo model (fig. 21) in the last bin. 
The mostly cloudy ERBE-derived albedos agree with 
the corresponding albedo model in the first bin and 
then diverge to values lower than those for the model 
in the remaining bins. Most of these discrepancies 
between the model and the preliminary results are 
probably due to the statistical mismatch between the 
mostly cloudy-over-land models and overcast model. 

Concluding Remarks 

A set of shortwave bidirectional and directional 
reflectance models has been developed for Earth ra- 
diation budget (ERB) measurement and simulation 
applications. These models describe the mean vari- 
ation of top-of-the-atmosphere reflectance with solar 
zenith angle, viewing zenith angle, and relative az- 
imuth angle for 12 scene categories. They have been 
derived primarily from radiances measured by the 
Nimbus 7 ERB scanner and Geostationary Opera- 
tional Environmental Satellite (GOES) instruments, 
which operated between late 1978 and 1980. Miss- 
ing and sparsely sampled observed quantities have 
been estimated by a variety of techniques, includ- 
ing simple linear and bilinear interpolation, linear 
extrapolation, the reciprocity principle, and radia- 
tive transfer model results. The primary purposes 
of this report are to present the shortwave angular 
radiation models and describe the data and methods 
used in deriving the models. The models presented 
herein have been archived and are available from 
the National Space Sciences Data Center, Goddard 
Space Flight Center, Greenbelt, Maryland 20771. 


NASA Langley Research Center 

Hampton, VA 23665-5225 

May 4, 1988 
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Appendix A 

Application of Helmholtz Reciprocity 
Principle to Bidirectional Models 

A derivation of the Helmholtz Reciprocity Prin- 
ciple for a plane-parallel atmosphere has been given 
by Chandrasekhar (1960). Mathematically, the prin- 
ciple is expressed as follows: 

where L is the reflected radiance, r is the cosine of 
the zenith angle, and 4>r is the relative azimuth an- 
gle between the incident and reflected rays. The first 
cosine in the argument for the radiance character- 
izes the geometry of the reflected radiation, and the 
second cosine characterizes the geometry of the inci- 
dent radiation. In essence, the principle states that 
the product of cosine reflection angle and reflected 
radiance is unaltered if the incidence and reflection 
angles are interchanged. Therefore, application of 
this principle is very useful in completing bidirec- 
tional models for angles where data are not directly 
available. 

In terms of the anisotropic factor and albedo 
defined in this report (i.e., eqs. (2) and (10)), the 
reciprocity principle may be written as follows: 

V2) A (m) = R{v-2Ar\R\) i) (A2) 

This relation provides a means for establishing the 
anisotropic model when data for an entire solar 
zenith angle are missing. Using values where data 
are available, results from the reciprocal angle pairs 
provide the bulk of the missing values. The remain- 
ing values can be filled in by sequentially using linear 


interpolation and the reciprocity relation. This pro- 
cedure results in values for the product of anisotropic 
factor and albedo. To determine the anisotropic fac- 
tor and albedo separately, the normalization equa- 
tion (eq. (6)) can be multiplied by the albedo to ob- 
tain the following: 

EE CjkRijk^i = A i (^ 3 ) 

j k 

Application of this equation allows computation of 
the albedo, and subsequently the anisotropic factors, 
from the product results. 

When applying the reciprocity principle, the so- 
lar and viewing zenith angles are interchanged; that 
is, the i and j subscripts are interchanged. However, 
the angular bin scheme used for the models contains 
10 solar zenith bins, but only 7 viewing zenith bins. 
In order to use the principle, values for the product of 
anisotropic factor and albedo were linearly interpo- 
lated onto a grid with 10 viewing zenith bins defined, 
just as the solar zenith bins are defined. In most cases 
where the reciprocity principle is to be applied, data 
extend only through the first 7 solar zenith bins, so 
that models can be generated for the 8th, 9th, and 
10th solar bins but only for the first 7 viewing zenith 
bins. Data for viewing zenith bin 8 were determined 
for solar bins 8, 9, and 10 by linear extrapolation 
of values for viewing bins 6 and 7. With a subse- 
quent application of reciprocity, all values for solar 
bin 8 can be found. This process is repeated to fill 
the remaining values in solar bins 9 and 10. With 
the completed models, the results are linearly inter- 
polated back onto the 7 viewing-zenith-angle bins. 
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Appendix B 

Equations for Mixed-Scene Properties 

Along the coastlines of continents, scenes occur 
that are a mix of two or more types. Since the 
majority of these scenes are a mix of a land type 
and an ocean type and are normally of about equal 
proportions, all mixed scenes have been assumed 
to be composed of 50-percent land and 50-percent 
ocean. Furthermore, it is assumed that a collection 
of observations for a coastal region consists of single 
observations that are either land or ocean scenes 
with half the observations looking like land and half 
like ocean. With these assumptions, the statistical 
properties of the mixed scenes can be calculated 
using the properties for the corresponding land and 
ocean scene types. 

The relations for the mixed-scene properties are 
based on the equations that define the desired sta- 
tistical properties of the radiance observations as 
follows: 

Mean ( sw or Iw): 


N/ 2 N 

E ( L °) 2 + E (* l ) 2 

1 N/ 2 + 1 

- [| (£° + £'-)] 2 (B5) 
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x [\ ( l ?w + l L)] (B6) 

If the statistical properties of the ocean and land ra- 
diance observations for the coastal regions are as- 
sumed to be equal to the statistical properties of the 
observations for the rest of the Earth, equations (B5) 
and (B6) can be simplified as follows: 
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Using equations (B4), (B7), and (B8) with the 
definitions of anisotropic factor R (eq. (2)), albedo 
A (eq. (10)), and flux M (eq. (1)), the mixed-scene 
equations have been derived as follows: 


Correlation of sw and Iw: 
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With the assumption that half of the observations 
are ocean O and half are land L, equations (Bl) to 
(B3) can be written as follows: 
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where the statistical properties for land and ocean 
scenes are those determined from the global data set. 
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Table 1. Scene Types for Angular Models 


Scene 

Cloud coverage T percent 

Figure 

Clear over ocean 

0 to 5 

7 

Clear over land 



8 

Clear over snow 



9 

Clear over desert 



10 

Clear over land-ocean mix 

> 

- 

11 

Partly cloudy over ocean 

5 to 50 

12 

Partly cloudy over land or desert 

5 to 50 

13 

Partly cloudy over land-ocean mix 

5 to 50 

14 

Mostly cloudy over ocean 

50 to 95 

15 

Mostly cloudy over land or desert 

50 to 95 

16 

Mostly cloudy over land-ocean mix 

50 to 95 

17 

Overcast 

95 to 100 

18 



Table 2. Angular Bin Definitions 



Solar zenith 
angle 9 0 , deg 

Bin 

Viewing zenith 
angle 0, deg 

Bin 

Relative azimuth 
angle <f> R , deg 

1 

0 to 25.84 

1 

0 to 15 

1 

0 to 9 

2 

25.84 to 36.87 

2 

15 to 27 

2 

9 to 30 

3 

36.87 to 45.57 

3 

27 to 39 

3 

30 to 60 

4 

45.57 to 53.13 

4 

39 to 51 

4 

60 to 90 

5 

53.13 to 60.00 

5 

51 to 63 

5 

90 to 120 

6 

60.00 to 66.42 

6 

63 to 75 

6 

120 to 150 

7 

66.42 to 72.54 

7 

75 to 90 

7 

150 to 171 

8 

72.54 to 78.46 



8 

171 to 180 

9 

78.46 to 84.26 





10 

84.26 to 90.00 






Sun 



15 
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Table 3. Shortwave Integration Coefficients {Cjk) 


Viewing 
zenith angle 
deg 

Relative azimuth angle <f>R, deg 


0 to 9 

9 to 30 

30 to 60 

60 to 90 

90 to 120 

120 to 150 

150 to 171 

171 to 180 

0 to 15 
15 to 27 
27 to 39 
39 to 51 
51 to 63 
63 to 75 
75 to 90 

0.00335 

.00696 

.00950 

.01040 

.00950 

.00696 

.00335 

0.00782 

.01623 

.02216 

.02426 

.02216 

.01623 

.00782 

0.01116 

.02319 

.03165 

.03465 

.03165 

.02319 

.01116 

0.01116 

.02319 

.03165 

.03465 

.03165 

.02319 

.01116 

0.01116 

.02319 

.03165 

.03465 

.03165 

.02319 

.01116 

0.01116 

.02319 

.03165 

.03465 

.03165 

.02319 

.01116 

0.00782 

.01623 

.02216 

.02426 

.02216 

.01623 

.00782 

0.00335 

.00696 

.00950 

.01040 

.00950 

.00696 

.00335 


Table 4. Sources of Shortwave Bidirectional Parameters 

N = Nimbus 7 ERB scanner measurements 

1 = Filled using reciprocity principle 

2 = Filled using empirical model (Staylor and Suttles 1986) 
PC = Partly cloudy 

MC = Mostly cloudy 



Solar-zenith-angle bin 


Scene 

1 

2 1 

3 

4 

5 

6 

7 

8 

9 

10 

Ocean 

N 

N 

N 

N 

N 

N 

N 

1 

1 

1 

Land 

N 

N 

N 

N 

N 

N 

N 

1 

1 

1 

Snow 

1 

1 

1 

N 

N 

N 

N 

N 

N 

N 

Desert 

N 

N 

N 

N 

N 

2 

2 

1 

1 

1 

PC/ocean 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

-t 

PC/land 

MC/ocean 

MC/land 

Overcast 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

1 

N 

N 

N 

1 

N 

N 

N 

1 

N 

N 

N 
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Table 5. Identification of Sources for Tabulated Data in Figures 7 to 18 

0 — No data (default value). 

1 — Value based on NOAA analysis of 205 days of Nimbus 7 ERB data (Taylor and Stowe 1986). 

2 — Value is a 50-percent land and 50-percent ocean composite of data from source 1. 

3 — Value interpolated by NOAA because there were no data. 

4 — Value determined by linear interpolation and constant extrapolation. Determine a row value and a column 
value by the following rules and average these two values. The procedures are shown below; a and b are 
good values, o denotes unknown values, and x is the determined value. 


Case 

Bin configuration 

Interpolated value of x 

1 

a x 

a 

2 

a o x 

a 

3 

a o o x 

Unknown 

4 

a x o o 

a 

5 

a o x o 

a 

6 

a x b 

a/2 + b/2 

7 

a x o b 

2a/3 + bj 3 

8 

a x o o b 

a 

9 

a o x o b 

Unknown 1 


^se x-value in other direction if available; if not available, use x = {a/2) + (b/ 2). 


5 — Value interpolated by 4 because there were no data. 

6 — Value interpolated by 4 because data were sparse and results were unlikely. 

7 — Source 1 with sample population between 8 and 20. 

8 — Source 1 with sample population between 21 and 50. 

9 — Source 1 with sample population between 51 and 100. 

10 — Source 1 with sample population between 101 and 500. 

11 — Source 1 with sample population greater than 501. 

12 — Value derived by Helmholtz Principle of Reciprocity. 

13— Value scaled by neighboring Sun bin values. 

14 — Albedos derived by fitting theoretical shape function through Nimbus 7 data. 

15 — Value estimated. 

16— Value taken from numerical model developed in St ay lor and Suttles (1986). 

17 — Value computed by population and albedo weighting for overcast-over-ocean and overcast-over-land scenes. 

18— Albedos determined from Nimbus 7 ERB and GOES values. 

19— Value is a 50-percent land and 50-percent ocean composite of data from source 18. 
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Table 6. Mean-Directional Albedo for Shortwave Angular Models 


L-0 = Land-ocean mix 
PC = Partly cloudy 
MC = Mostly cloudy 



Solar-zenith-angle bin 

Scene 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ocean 

0.0760 

0.0820 

0.0910 

0.1010 

0.1150 

0.1330 

0.1610 

0.2030 

0.2680 

0.3340 

Land 

.1600 

.1565 

.1630 

.1670 

.1750 

.1863 

.2050 

.2310 

.2700 

.3260 

Snow 

.6673 

.6703 

.6733 

.6759 

.6779 

.6789 

.6774 

.6708 

.6502 

.6189 

Desert 

.2369 

.2388 

.2411 

.2437 

.2471 

.2517 

.2581 

.2683 

.2864 

.3098 

L-0 

.1180 

.1193 

.1270 

.1340 

.1450 

.1597 

.1830 

.2170 

.2690 

.3300 

PC over ocean 

.1250 

.1400 

.1500 

.1700 

.1850 

.2150 

.2500 

.3000 

.3650 

.4450 

PC over land 

.2130 

.2210 

.2300 

.2410 

.2540 

.2750 

.3010 

.3400 

.3780 

.4285 

PC over L-0 

.1690 

.1805 

.1900 

.2055 

.2195 

.2450 

.2755 

.3200 

.3715 

.4368 

MC over ocean 

.2550 

.2750 

.2900 

.3150 

.3300 

.3650 

.4000 

.4480 

.5000 

.5600 

MC over land 

.3000 

.3270 

.3550 

.3820 

.4200 

.4487 

.4945 

.5380 

.5805 

.6320 

MC over L-0 

.2775 

.3010 

.3225 

.3485 

.3750 

.4069 

.4473 

.4930 

.5403 

.5960 

Overcast 

.4250 

.4350 

.4550 

.4800 

.5000 

.5300 

.5600 

.5900 

.6200 

.6450 


Table 7. Normalized Directional Albedo Function 


L-0 = Land-ocean mix 
PC = Partly cloudy 
MC = Mostly cloudy 



Scene 

Solar-zenith-angle bin 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Ocean 


1.079 

1.197 

1.329 

1.513 

1.750 

2.118 

2.671 

3.526 

4.395 


Land 



.978 

1.019 

1.044 

1.094 

1.164 

1.281 

1.444 

1.688 

2.038 

= 

Snow 



1.004 

1.009 

1.013 

1.016 

WMM 

1.015 

1.005 

.974 

.928 

* 

Desert 



1.008 

1.018 

1.029 

1.043 

IMI 

1.090 

1.132 

1.209 

1.308 

- 

L-0 



1.011 

1.076 

1.136 

1.229 

1.353 

1.551 

1.839 

2.280 

2.797 

= 

PC over ocean 



1.120 

1.200 

1.360 

1.480 

1.720 

2.000 

2.400 

2.920 

3.560 

i 

PC over land 



1.038 

1.080 

1.132 

1.192 

1.291 

1.413 

1.596 

1.775 

2.012 

= 

PC over L-0 



1.068 

1.124 

1.216 

1.299 

1.450 

1.630 

1.894 

2.198 

2.584 


MC over ocean 



1.078 

1.137 

1.235 

1.294 

1.431 

1.569 

1.757 

1.961 

2.196 

3 

MC over land 



1.090 

1.183 

1.273 

1.400 

1.496 

1.648 

1.793 

1.935 

2.107 

m 

MC over L-O 



1.085 

1.162 

1.256 

1.351 

1.466 

1.612 

1.777 

1.947 

2.148 

m 

Overcast 


- 

1.024 

1.071 

1.129 

1.176 

1.247 

1.318 

1.388 

1.459 

1.518 


1 I!: 
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Figure 1. Satellite, Sun, and target geometry. 
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Figure 2. Empirical directional models over ocean. 




Albedo, 

percent 


Albedo, 

percent 


0 10 2 


Figure 4. Snow albedo model 
Welch, and Hall 1984) to h 






Figure 5. Desert albedo model from least-squares fit of theoretical results (Wiscombe, Welch, 
and Hall 1984) to Nimbus 7 ERB measurements. 



Figure 6. Averaged Nimbus 7 ERB and GOES directional models for overcast scenes. 


ANISOTROPIC FACTOR 


SCENE TYPE * CLEAR OCEAN 

OATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW RADIANCES <W/M**2fSR ) 

3 - CORRELATION OF LW AND SW RADIANCES 
< ) - DATA SOURCE 


SUN ZENITH » .C - 25.0 
MEAN ALBEDO * .0760 ( 18 ) 
NORMALIZED ALBEDO * l.OCOO < 18 ) 

RELATIVE AZIMUTH 


BIN NO. 



ANbtt ( DEG. 

) 0- 

-9 

9- 

-30 

30- 

-60 

60- 

■90 

9 C- 

•120 

120-150 

150* 

•171 

171 

-160 

VIEWING ZtNITH 

















BIN NO. 

ANGL E ( D EG . 

) 
















1 

o-15 

1 *ob 

(11) 

1.08 

(li) 

1.06 

( 11) 

1.06 

(11) 

1 .0 € 

(11) 

1.08 

(11) 

1.06 

(11) 

1.08 

(11) 



10. 1 

(11) 

10.1 

(11 ) 

10.1 

(11 ) 

10. 1 

(11) 

10.1 

(11 ) 

10.1 

(11 > 

10.1 

(11) 

10.1 

(11) 



-.122 

(11) 

-.122 

(11 ) 

-.122 

(11) 

-.122 

(11) 

-.122 

111) 

-.122 

(11) 

-.122 

(11) 

-.122 

(11) 

2 

15-27 

2.15 

11 j) 

1.77 

(li ) 

1.25 

(11) 

1.00 

(11) 

• 64 

(11) 

.07 

(11) 

.87 

(11) 

.87 

(11) 



37.1 

( 10) 

21.7 

( 11 ) 

b . c 

( 11) 

6.1 

(11) 

5. 5 

(11 ) 

5.7 

( 11 ) 

5.5 

(11) 

5.5 

(11) 



* 050 

(10) 

-.079 

< ll ) 

-.162 

(11) 

-.086 

(11) 

-.087 

(11) 

-.056 

(11) 

-.066 

(11) 

-.099 

(11) 

3 

27-3* 

1.75 

(10) 

1.36 

(11 ) 

.97 

(ID 

.86 

(11) 

• 63 

(11) 

.85 

(11) 

.85 

(11) 

.86 

(11) 



21.5 

(10) 

11.4 

(11 ) 

6.5 

(11) 

5.5 

(11) 

4. 9 

(11) 

5.0 

(11) 

5.0 

(H) 

5.3 

(11) 



-.065 

CIO) 

-.143 

( il ) 

-.110 

(11) 

-.067 

(11) 

- .09 C 

(11) 

-.147 

(11) 

-.152 

(11) 

-.141 

(11) 

4 

39-51 

1 .u3 

(11) 

.94 

(11 ) 

.62 

(11) 

.79 

(11) 

.82 

(11) 

.86 

(11) 

• 89 

(11) 

.92 

(11) 



6.3 

(11) 

6.5 

(11 ) 

5.1 

(11) 

5.0 

(11) 

4. f 

(11) 

5.2 

(11) 

5.2 

(11) 

5.9 

(11) 



2b5 

(11) 

-.155 

(11) 

-.144 

(ID 

-.207 

(11) 

-• 1 5 C 

(11) 

-.170 

(11) 

-.195 

(11) 

-.216 

(11) 

5 

51-63 

.96 

(10) 

.90 

(11) 

.86 

(11) 

.83 

(11) 

.6 6 

(11) 

.92 

(11) 

.96 

(11) 

1.00 

(11) 



7.5 

UG) 

6.7 

(ll ) 

5.3 

( ll) 

4.9 

(H) 

4. 6 

(11) 

5.5 

(11) 

5.6 

(11) 

6.3 

(11) 



-.161 

(10) 

-.222 

(U) 

-.203 

(11) 

-.197 

(11) 

-.119 

(11) 

-.156 

(11) 

-.261 

(11) 

-.271 

(11) 

6 

63-75 

1.12 

(11) 

1. 10 

(1 A ) 

1.06 

(11 ) 

1.02 

(11) 

1.06 

(11) 

1.07 

(11) 

1.13 

(11) 

1.20 

(11) 



8.4 

(11 ) 

6.7 

(11 ) 

7.0 

(11) 

6.5 

(11) 

7. 5 

(11) 

7.0 

(11) 

6.5 

(11) 

7.1 

(11) 



-.34b 

(11) 

-.397 

( 11 ) 

-.330 

( 11) 

-.402 

(11) 

-.427 

(11) 

-.391 

(11) 

-.352 

(11) 

-.355 

(11) 

7 

75-90 

1.4 C 

(10) 

1.40 

(11) 

1.33 

(11) 

1.24 

<11 ) 

1.27 

(11) 

1.30 

( 11) 

1.36 

(111 

1.40 

(11) 



6. / 

(10) 

8.9 

(11 ) 

6.1 

(11) 

6.4 

(11) 

7.7 

(11) 

e.o 

( 11 ) 

7.0 

(11) 

7.6 

(11) 



-.293 

(10) 

-.364 

(11 ) 

-.260 

(11 ) 

-.319 

(11) 

-.432 

(11) 

-.415 

(11) 

-.382 

(11) 

-.365 

(11) 




VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 


(a) Solar-zenith-angle bin 1, 0° to 25.84°. 


Figure 7. Bidirectional model for clear over ocean. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 

Figure 7. Continued. 
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5.9 

(10) 

5.6 

an 

5.7 

(10) 

-.118 

(10) 

-.096 

an 

-.270 

(10) 

-.169 

an 

-.152 

an 

.91 

(10) 

.99 

(10) 

1.21 

an 

1.90 

an 

1.95 

an 

5.6 

(10) 

9.9 

an 

7.2 

an 

7.1 

an 

7.5 

an 

-.210 

an 

.07 2 

an 

-.263 

(10) 

-.179 

an 

-.250 

an 

1*33 

( 8) 

1.19 

( 5) 

1.59 

( 8) 

1.73 

an 

1.75 

(10) 

7.9 

( 6) 

5.6 

( 5) 

6.1 

( 8) 

7,8 

an 

7.9 

an 

-.395 

( 6) 

- . 20 C 

( 5) 

-.601 

( 8) 

-.293 

an 

-.229 

(10) 




(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 
Figure 7. Continued. 
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ANISOTROPIC FACTOR 


SCENE TYPE « CLEAR OCEAN 

DATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW R AO I AN C E S < W /H* * 2/ S R > 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH i 95.6 - 53.1 
MEAN ALBEDO l ,1C10 < IB ) 

NORMALIZED ALBEDO * 1.3289 ( 10 ) 

RELATIVE AZIMUTH 

BlNhJ.l t 3 9 5 fc ? 8 



AN GL t ( U cb • 

) o- 

•9 

9 

-30 

30' 

-60 

60- 

90 

9 C- 

-120 

120- 

150 

150< 

-171 

171- 

-160 

VIEWING iuNITH 

















BIN Nd. 

ANoL fc ( OfcG . 

) 
















i 

J-15 

• 56 

(11 ) 

. 56 

(11 ) 

.58 

(11) 

• 56 

(11 ) 

.56 

(11) 

• 56 

(11) 

.58 

(11) 

.56 

(11) 



3, V 

(11) 

3.9 

(il ) 

3.9 

< 11) 

3.9 

(11) 

3. 9 

(11) 

3.9 

(11) 

3.9 

(11) 

3.9 

(11) 



-.0 h6 

(li > 

-.096 

(li J 

-.098 

(11) 

-.098 

(11) 

-.096 

(11) 

-.098 

( 11) 

-.096 

(11) 

-.098 

(11) 

2 

Ij-27 

• 06 

(13) 

. 71 

(1C ) 

• 60 

(10) 

.57 

(10) 

.61 

(10) 

.69 

(10) 

.72 

(10) 

.70 

(10) 



9, 1 

< 10) 

9.2 

( xO) 

3.9 

( 10 ) 

3.7 

(10) 

3.9 

(10) 

5.0 

(10) 

9.6 

(10) 

9.6 

(10) 



— • C 5 1 

(10) 

-.053 

do) 

-.083 

( 10) 

-.192 

(10) 

-.11C 

(1C) 

-.299 

(10) 

-.092 

(10) 

-.129 

(10) 

3 

<:7-39 

1 .22 

( 9) 

. 99 

(lu) 

.69 

(10) 

.56 

(10) 

• 63 

(10) 

.76 

(10) 

.62 

(10) 

.62 

( 9) 



6.0 

( 9] 

8 

dU> 

9.5 

( 10) 

2.9 

(10) 

3.3 

(10) 

9,0 

(10) 

9.2 

<101 

9.2 

( 9) 



* 07 i 

( 9) 

-.097 

do) 

-.165 

( 10) 

-.037 

(10) 

• 02 fc 

(10) 

-.065 

(10) 

-.069 

(10) 

-.051 

( 9) 

9 

39-51 

2.96 

(10) 

1. 57 

do) 

.75 

(10) 

.69 

(10) 

.6e 

(10) 

.65 

(10) 

.96 

(10) 

1.00 

(10) 



28 . 3 

(10) 

17.0 

do) 

5.2 

( 10) 

3.7 

(10) 

3.3 

< 10) 

9.6 

(10) 

9.9 

(10) 

5.9 

(10) 



-• lu3 

(10) 

.018 

1 10) 

-.229 

( 10) 

-.055 

(10) 

-.102 

(10) 

-.176 

(10) 

-.109 

(10) 

-.129 

(10) 

5 

51-63 

3.9b 

(10) 

1.71 

(10) 

. 66 

(1C) 

.70 

(10) 

.77 

(1C) 

.99 

(10) 

1.15 

(10) 

1.19 

(10) 



36.6 

(10) 

21.0 

do) 

6.3 

( 10) 

3.7 

(10) 

3.5 

(10) 

5.0 

(10) 

5.0 

(10) 

5.1 

(10) 



-.077 

(10) 

-.129 

(10) 

-.102 

(10) 

-.016 

(10) 

-.199 

(10) 

-.135 

(10) 

-.206 

(10) 

-.193 

(10) 

6 

63-/5 

3.06 

UO) 

1. 98 

( 10 > 

1 .2o 

( 10) 

.86 

( 6) 

.99 

( 9) 

1.25 

(10) 

1 .98 

(11) 

1.53 

(10) 



26.9 

(10) 

19.7 

do) 

9.9 

(10) 

5.9 

( 6) 

5.1 

< 9) 

5.5 

(10) 

7.9 

(11) 

7.9 

(10) 



— • 1 6 3 

(10) 

-.2 56 

do) 

-.390 

(10) 

.016 

( 8) 

.02 9 

( 9) 

-.228 

(10) 

-.256 

(11) 

-.266 

(10) 

7 

75-90 

3.75 

(10) 

2. 39 

(10) 

1.62 

( 9) 

1.25 

( 5) 

1.26 

( 5) 

1.63 

( 6) 

1.62 

(10) 

1.85 

(10) 



27.2 

(lo) 

19. v 

(10 > 

10.9 

( 9) 

7.1 

( 5) 

5. 9 

( 5) 

9.6 

( 6) 

7.1 

(10) 

6.1 

(10) 



-.19* 

(10) 

- • 35C 

( lo) 

-.330 

( 9) 

-.169 

( 5) 

-.176 

( 5) 

-.903 

( 8) 

-.029 

(10) 

-.199 

(10) 



VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 

(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 

Figure 7. Continued. 
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ANISOTROPIC FACTOR 


SCENE TYPE t C L E > R OCEAN 

DATA 1 - S W ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF Sw RADIANCES (W/M**2/SRJ 

3 - CORRELATION OF l W AND SW RADIANCES 

( ) - OATA SOURCE 

SUN ZENITH t 53.1- 60.0 

MEAN ALBEDO » .1150 ( IB ) 

NORMALIZED ALBEDO » 1.5132 ( 18 ) 

RELATIVE AZIMUTH 


BIN NO. 1 2 3 



ANbL E (DEG. 

) 0- 

9 

9- 

30 

30- 

•60 

60‘ 

VIEWING ZlNITH 








iIN NO. 

ANGL t(DEG. 

> 







1 

u-15 

.50 

U1 ) 

. 50 

(1a) 

.50 

(11) 

.50 



3.2 

an 

3.2 

(11 ) 

3.2 

an 

3.2 



-.079 

an 

-.079 

<n ) 

-.079 

an 

-.079 

2 

0-27 

.57 

( 9 ) 

. 54 

(10) 

.53 

ao 

• 5C 



3.0 

( 9) 

3.6 

(10) 

4.1 

ao) 

3.2 



-.026 

( 9) 

.017 

uo> 

-.147 

(10) 

-.035 

3 

27-39 

• 86 

{ 6) 

. 61 

(10) 

.55 

(10) 

.51 



7.5 

( 8 ) 

5.7 

( 10) 

2.9 

( 10) 

3.4 



-.401 

( 8) 

-.236 

Ug> 

-.152 

ao) 

.109 

4 

39-51 

2.61 

( 9 J 

1.41 

(10) 

.71 

ao> 

• 60 



20.9 

( 9) 

13.7 

(10 ) 

4.5 

(10) 

3.6 



-.17b 

( 9) 

-.157 

(1 u) 

-.521 

( 10) 

-.221 

5 

51-63 

5.0o 

( 9) 

1.91 

ao) 

* d 7 

( 9) 

• 66 



54.5 

C 9) 

24.6 

UG) 

5.4 

( 9) 

3.9 



- • 2i i 

( 9} 

-.127 

ao) 

-.296 

( 9) 

-.214 

6 

63-75 

6.46 

( 10 ) 

2.21 

(10) 

1.35 

ao) 

.86 



62.5 

ao ) 

22.1 

(lj) 

10.7 

( 10) 

5.5 



-.035 

110) 

-.304 

( 10) 

-.506 

(10) 

-.072 

7 

75-90 

7.12 

( 9) 

3.05 

( 9) 

1.79 

< 8) 

1.31 



o4 . 2 

< 9) 

30.4 

( 9) 

9.2 

( 8) 

6.6 



.230 

( 9) 

-.178 

( 9) 

-.231 

( 6) 

-.075 


5 6 7 8 


90 

9 C- 

120 

120- 

150 

150- 

171 

171- 

180 


(11) 

• 5 C 

an 

.50 

(11) 

.50 

an 

.50 

(11) 

i 

(11) 

3. 2 

an 

3.2 

an 

3.2 

an 

3.2 

(11) 


(11) 

-.079 

an 

-.079 

an 

-.079 

tin 

-.079 

111) 


<lo) 

• 53 

(10) 

.62 

(10) 

.63 

(10) 

.63 

(10) 


(10) 

3. 2 

(10) 

4.0 

(10) 

3.4 

(10) 

3.5 

(10) 


(10) 

-.049 

(10) 

-.095 

ao) 

-.086 

(10) 

-.253 

(10) 

5 

( 9) 

.56 

( 9) 

♦ 67 

(10) 

.74 

(10) 

.76 

( 8) 


< 9) 

2. 7 

( 9) 

4.3 

( 10) 

3.9 

(10) 

4.1 

( 6) 


( 9) 

• 07 C 

( 9) 

-.186 

(10) 

-.188 

ao) 

-.009 

l 8) 


(10) 

.61 

(10) 

.80 

(10) 

.91 

(10) 

.92 

(10) 


(10) 

2.7 

(1C) 

3.4 

ao 

4.1 

(10) 

4.3 

(10) 


(10) 

.00 6 

(10) 

-.240 

( 10) 

-.105 

(10) 

-.181 

(10) 

1 

( 9) 

.71 

( 9) 

.96 

( 9) 

1 .09 

(10) 

1.16 

( 9) 

1 

( 9) 

3.2 

( 9) 

5.5 

( 9) 

4.2 

(10) 

5.3 

( 9) 

! 

( 9) 

-.039 

< 9) 

-.351 

< 9) 

-.137 

(10) 

-.072 

< 9) 

I 

( 7) 

.8 5 

( 6) 

1.25 

< 9) 

1.48 

(10) 

1.53 

(10) 

j 

< 7) 

4.1 

( 8) 

7.5 

{ 9) 

6.9 

(10) 

7.1 

(10) 


( 7) 

-.066 

( 8) 

-.105 

( 9) 

-.190 

(10) 

-.251 

(10) 

5 

( 5) 

1.27 

( 5) 

1.64 

( 7) 

1.83 

( 9) 

1.90 

( 8) 

1 

< 5) 

5. 1 

( 5) 

4.4 

( 7) 

5.6 

( 9) 

6.6 

( 8) 


( 5) 

-.00? 

( 5) 

.227 

( 7) 

-.111 

( 9) 

-.239 

( 8) 




(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 
Figure 7. Continued. 
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ANISOTROPIC FACTOR 


SCENE TYPE ■ CLE*R OCEAN 
DATA 1 - SR ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW RADIANCES (W/M++2/SR) 

3 - COR RELATION OF IV AND 5 W RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH i 60. C - 66. A 
MEAN ALBEDO » .1230 ( 18 ) 

NORMALIZED ALBEDO * 1.7*00 ( 18 ) 

RELATIVE AZIMUTH 

b IN NO. 1 2 3 A 5 6 7 8 



ANGL E ( DEG . 

) 0- 

9 

9- 

30 

30- 

60 

60- 

90 

9 C- 

120 

120- 

150 

150- 

171 

171- 

180 

VltRING ZENITH 

















alN NJ. 

ANGL EIDEG. 

J 
















1 

0-15 

.AO 

(10) 

• Ab 

do) 

. A6 

( 10) 

• A6 

(10) 

. At 

(10) 

• A6 

( 10) 

. A6 

(10) 

• A6 

(10) 



2.6 

UO) 

2.6 

(10 ) 

2.6 

(10) 

2.6 

110) 

2. t 

(10) 

2.6 

( 10) 

2.6 

(10) 

2.6 

(10) 



-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

-.032 

(10) 

2 

15-27 

.52 

( 8) 

. 52 

( 9) 

• A9 

( 9) 

. A6 

(10) 

.At 

(10) 

• 5 A 

(10) 

.59 

( 9) 

.62 

( B) 



3.2 

( 8) 

2.3 

( 9) 

2.5 

( 9) 

2.6 

(10) 

3 . C 

(10) 

3.0 

(10) 

3.6 

( 9) 

9.2 

( 8) 



• 01 A 

( 8) 

- .0 68 

( 9) 

-.306 

( 9) 

-.212 

(10) 

-,OAq 

(10) 

-.172 

(10) 

-.095 

( 9) 

-.031 

( B) 

3 

27-39 

. 79 

E 8) 

. 71 

( 9) 

.55 

( 9) 

. A7 

( B) 

.52 

( 6) 

.62 

( 9) 

.67 

( 8) 

.72 

l 7) 



A. 2 

( 6) 

A .A 

( 9) 

3.1 

( 9) 

2.3 

{ 8) 

2. 3 

( 8) 

3. A 

( 9) 

A. 5 

( B) 

A. 6 

( 7) 



-.12 7 

( 8 ) 

-.019 

( 9) 

-.397 

( 9) 

-.136 

( 6) 

» 07 E 

( 6) 

• 1 A 3 

( 9) 

-.212 

( 8) 

-.353 

( 7) 


*.lb { 8) 1*26 < 9} .66 ( 9) .55 ( 6) .5t ( 8) .75 ( 9> .83 (10) ,88 ( 8) 

16.1 ( b ) 9.9 < 9) A * t ( 9) 2.2 ( 8) 2.9 ( 8) A. 2 ( 9) 3. A (10) 3.6 ( 8) 

•175 ( 6) -.lib ( 9) -.283 ( 9) -.185 ( 6) ,01C ( 8) -.056 ( 9) -*07A (10) -.380 { 8) 

5.36 ( 8) l.ttl ( oJ .88 ( 8) .67 ( 7) .72 ( 7) .89 ( 8) 1.09 ( 9) 1.16 < 8) 

58.9 ( 0 ) 21.2 ( 8) 5.7 ( 8) 3.5 ( 71 3.C ( 7) 5. A ( 8) A. 6 ( 9) 7.5 ( 8) 

.162 ( 8) -.2u0 ( 8) -.089 ( 8) .288 ( 7) -.537 ( 7) -.368 ( 8) -.230 < 9) -.559 ( 8) 


6 

b3-75 

9.65 1 

[ 9) 

2.58 

t 9) 

1.3A 1 

( 8) 

.76 

( 7) 

.85 

( 6) 

1.20 ( 

[ 7) 

1.A6 1 

1 9) 

1 . 60 < 

t 9) 



82.7 ' 

( 9) 

38.0 

( 9) 

12.2 1 

[ 8) 

2.8 ' 

( 7) 

3. A 

( 6) 

A.e < 

1 7) 

7.0 1 

1 9) 

e.i i 

[ 9) 



-.186 i 

( 9) 

- • A A7 ' 

( 9) 

-.517 1 

[ 8) 

-.087 ' 

( 7) 

- » A1 5 

( 6) 

- • A99 ( 

[ 7) 

-.312 1 

E 9) 

- • A2 0 1 

E 9) 

7 

75-90 

10,^6 1 

[ 7) 

3 ♦ A1 1 

I b) 

1.77 ( 

7) 

1.26 < 

1 5) 

1.13 

(15) 

1.55 ( 

5) 

1.90 1 

E 8) 

1.99 ( 

I 9) 



82.3 1 

[ 7) 

33 .A 1 

I 6) 

10.9 < 

7) 

6.9 i 

E 5) 

5. C 

(15) 

6.3 1 

5) 

7.7 1 

I 8) 

6.2 1 

[ 9) 



-.236 1 

E 7) 

-.663 1 

l 8) 

- . AOb ( 

7) 

- * 2 A 7 1 

I 5) 

-• 36C 

(15) 

-.362 1 

5) 

- • 22A \ 

: 8) 

-.320 ( 

[ 9) 


A 39-51 


5 5 1 - 6 3 


ORIGINATE '?&&& T3 
OF POOR QUALITY. 



(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 7. Continued. 
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ANISOTROPIC FACTOR 


SCENt TYPE i CLEAR OCEAN 

OATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW RADIANCES (W/M**2/SR) 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH * 66, A - 72,5 
MEAN ALBEDO I .1610 I IB ) 

NORMALIZED ALBEDO I 2. 1184 ( IB ) 

RELATIVE AZIMUTH 



BIN NO. 

1 


2 


3 



4 


5 


6 


7 


8 




AnlL EIOtG. : 


9 

9- 

30 

30- 

60 

60- 

90 

9 C-120 

120-150 

150- 

171 

171- 

180 


V 1 tta ING £l N IT H 


















j 

(UN NO. 

ANtn. tl Qfcb . 

) 


















1 

J-i3 

.47 

(10) 

.47 

(10) 

.47 

(10) 

.47 

(10) 

.47 (10) 

.47 (10) 

.47 

(10) 

.47 

(10) 




2.5 

115 ) 

2.5 

(15) 

2.5 

(15) 

2.5 

(15) 

2.5 (15) 

2.5 (15) 

2.5 

(15) 

2.5 

(15) 




-.474 

(10) 

-.4 74 

(1*> 

-.474 

(10) 

-.474 

(10) 

-.474 (10) 

-.474 (10) 

-.474 

(10) 

-.474 

(10) 


2 

15-27 

. 44 

( 7) 

. 50 

l 7) 

.42 


6 ) 

.45 

( 6) 

.47 1 

[ 6) 

.47 ( 

: B) 

.51 

( 8) 

.51 

( 8) 




2.6 

( 7 > 

2.5 

( 7) 

2.2 


8) 

2.0 

(15) 

2.2 (15) 

2.0 ( 

: 8) 

2.2 

( 6) 

2.C 

( 0) 




-. 06o 

( 7) 

-.379 

l 7) 

.095 


6) 

-.134 

( 6) 

-.204 ( 6) 

-.079 I 

: e) 

-.012 

( 8) 

-.016 

( 8 ) 

’ 

3 

27-39 

.03 

(15) 

.67 

( 6) 

.51 


8) 

.44 

( 8) 

• 5 C t 7) 
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[ 6) 

.63 

( 8) 

.65 

( 7) 




4 . 6 

(15) 

4.3 

{ 6) 

2.6 


6) 

1.4 
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2. 1 

[ 7) 

3.3 ( 

: t) 

3.3 

( 8) 

2.5 

( 7) 




• 041 

(15) 

-.120 

( 6) 

.075 
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-.136 

( 6) 

-.314 

t 7) 

-.251 < 

: 6) 

-.306 

( 8) 

-.059 

( 7) 


4 

39-U 

1.59 

( 7) 

1.14 

( 6) 

.66 


8) 

.50 

( 7) 

.53 

[ 7) 
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: 8) 

.85 

( 6) 

.61 

( 7) 
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< 7) 

9.5 
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4.4 


8) 
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( 7) 

1.3 
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( 8) 
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.491 
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.129 
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( 7) 

-.153 

I 7) 
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i e> 

-.114 

( 8) 
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C 7) 

i 

5 
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4.47 
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.90 


7) 
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• 6 5 

1 7) 
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[ 7) 

1.09 

(15) 

1.07 

( 6) 
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( 7) 

15.9 
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7) 

3.0 

( 6) 
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[ 7) 

3.2 1 
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4.5 

(15) 

4.3 

( 6) 
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-.067 

< 7) 

-.037 

( 7) 

-.352 


7) 

.252 

( 6) 

.577 

l 7) 

-.110 ( 

[ 7) 

-.175 

(15) 

-.259 

( 6) 

j 

b 

o 3-7 5 

10.20 

( 7) 

2.46 

( 6) 

1.64 


7) 

.72 

(15) 

.97 

[ 6) 

1.12 ( 7) 

1.51 

( 8) 

1.58 

( 6) 

i 



60 • 9 

( 7) 

29.4 

( 6) 

14.5 


7) 

11.1 

( 6) 

4.4 

[ 6) 

4.5 1 

[ 7) 

6.5 

( 8) 

7.6 

( 8) 




.143 

< 7) 
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.230 


7) 

-.005 

( 6) 

.16 4 

[ 6) 
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[ 7) 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 


Figure 7. Continued. 
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VIEWING ZENITH ANGLE ( DEG ) 


(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 
Figure 7. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26 . 
Figure 7. Continued. 
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VIEWING ZENITH ANGLE( DEG ) 


VIEWING ZENITH ANGLE( DEG ) 


(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 7. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 8. Bidirectional model for clear over land. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith- angle bin 2, 25.84° to 36.87°. 

Figure 8. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 8. Continued. 
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VIEWING ZENITH ANGLE( DEG ) 



(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 


Figure 8. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 
Figure 8. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 8. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 


Figure 8. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 
Figure 8. Continued. 
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(i) Solar- zenith- angle bin 9, 78.46° to 84.26°. 


Figure 8. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 8. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 9. Bidirectional model for clear over snow. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 

Figure 9. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 9. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 9. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 
Figure 9. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 9. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 
Figure 9. Continued. 
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(h) Solar-zenith-angle bin 8, 72-54° to 78.46°. 
Figure 9. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 
Figure 9. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 9. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 10. Bidirectional model for clear over desert. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 


Figure 10. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 10. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 


Figure 10. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 


Figure 10. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 10. Continued. 


ORIGINAL PAGE IS 
QE £OOR QUALITY 


57 


00^<J>Ul 



ANISOTROPIC FACTOR 


I 


SCENE TYPE i CLEAP DESERT 

OATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF $V RADIANCES ( W/H++Z/SR ) 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH t 66 * A - 72.5 
MEAN ALBEDO * .2581 ( 1A ) 

NORMALIZED ALBEDO ■ 1.0695 ( 1* > 

RELATIVE AZIMUTH 



BIN NO • 

1 


2 


3 


A 


5 


6 


7 


0 



ANGl E(DEG. ) 

0 - 

9 

9- 

30 

30- 

6 C 

60- 

90 

9 C- 

120 

120 - 

150 

150- 

171 

171- 

180 

VIEWING ZENITH 

















N NO. 
1 

ANGL E< DEG. ) 
j-1 5 

.77 

{ 16 ) 

. 77 

( 16 ) 

.77 

( 16 ) 

.77 

(16) 

.77 

( 16 ) 

.77 

( 16) 

.77 

(16) 

.77 

(16) 



6.7 

(13) 

8.7 

(13) 

8.7 

(13) 

6.7 

(13) 

B.7 

(13) 

8.7 

(13) 

8.7 

(13) 

8.7 

(13) 



.000 

( 0 ) 

,OCC 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.OOC 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

£ 

15-27 

.73 

(16 ) 

.73 

(16) 

♦ 73 

(16) 

.75 

(16) 

,ec 

( 16 ) 

.87 

( 16) 

.92 

(16) 

.93 

(16) 



9. 6 

(13 » 

11.2 

< i3 ) 

9.6 

(13) 

8.5 

(13) 

8 . 2 

(13) 

10.3 

(13) 

10.7 

(13) 

9. A 

(13) 



• OOu 

( 0 ) 

.000 

( 0 ) 

,000 

< 0 ) 

,000 

( 0 ) 

• OOC 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

3 

27-3* 

.7b 

(16) 

.77 

( x 6 ) 

.75 

( 16 ) 

.76 

(16) 

• 83 

(16) 

.95 

(16) 

1.03 

(16) 

1.05 

(16) 



13.^ 

(13) 

8 . A 

(13 ) 

8 . A 

< 13) 

7.9 

(13) 

8 .C 

(13) 

9.3 

(13) 

10.2 

(13) 

11 . A 

(13) 



.000 

( 0 ) 

. OOU 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

• OOC 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

4 

39-51 

. 6 b 

(16) 

. 87 

(lb) 

.02 

(16) 

.80 

(16) 

• 8 E 

(16) 

l.OA 

( 16 ) 

1.16 

(16) 

1.19 

(16) 



12.6 

(13) 

10.1 

(13) 

8 . A 

( 13) 

10.6 

(13) 

11.3 

(13) 

10 . A 

(13) 

9.3 

(13) 

8.3 

(13) 



*000 

( 0 ) 

.000 

( 0 ) 

.occ 

( 0 ) 

.000 

( 0 ) 

• OOC 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

5 

51 -63 

1 *Cb 

( 1 6 ) 

1.03 

(16) 

* 9A 

(16) 

.87 

(16) 

.95 

(16) 

1.16 

(16) 

1.32 

(16) 

1.37 

( 16 ) 



12.0 

( i3 ) 

8 .6 

(13 ) 

10 . A 

( 13) 

11.3 

(13) 

9. 2 

(13) 

10.0 

(13) 

11.6 

(13) 

9.6 

(13) 



• Oou 

( 0 ) 

• OuO 

( 0 ) 

.OUO 

( 0 ) 

.000 

( 0 ) 

• OOC 

( 0 ) 

.000 

( 0 ) 

.000 

< 0 ) 

.000 

( 0 ) 

6 

b3-75 

1.33 

(16) 

1.29 

(lo) 

1 . 1 A 

(16) 

1.00 

(16) 

1.07 

(16) 

1.32 

(16) 

1.53 

(16) 

1.59 

(16) 



16.1 

(13) 

11.8 

(13 ) 

12.6 

(13) 

10.5 

(13) 

9. 1 

(13) 

11 . A 

(13) 

10.8 

(13) 

11. A 

(13) 



,000 

( 0 ) 

.000 

£ 0 ) 

.000 

( 0 ) 

.000 

( 0 ) 

.OOC 

( 0 ) 

♦ 000 

( 0 ) 

.000 

( 0 ) 

. 000 

( 0 ) 

7 

75-90 

1 . 9 A 

(16) 

1.87 

( 16 ) 

1.62 

£ 16 ) 

1.35 

( 16 ) 

1.39 

(16) 

1.71 

(16) 

1.99 

(16) 

2.07 

(16) 



x 7 .0 

(13) 

16.3 

(13) 

13.9 

( 13) 

12.3 

(13) 

11.3 

(13) 

12.9 

( 13) 

13.6 

(13) 

12.8 

(13) 



.000 

( 0 ) 

.OOC 

( 0 ) 

.000 

( 0 ) 

.000 

4 0 ) 

,COC 

( 0 ) 

.000 

( 0 ) 

.000 

< 0 ) 

.000 

< 0 ) 




(g) Solar-zenith- angle bin 7, 66.42° to 72.54°. 


Figure 10. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 
Figure 10. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 10. Continued. 
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Figure 10. Concluded. 
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(a) Solar-zenith-angle bin 1,0° to 25.84°. 

Figure 11. Bidirectional model for clear-over-land-ocean mix. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 


Figure 11. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 11. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 11. Continued. 
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(e) Solar- zenith-angle bin 5, 53.13° to 60.00°. 
Figure 11. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 11. Continued. 
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(g) Solar- zenith- angle bin 7, 66.42° to 72.54°. 
Figure 11. Continued. 
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VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 


(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 


Figure 11. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 11. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 11. Concluded. 
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(a) Solar- zenith-angle bin 1, 0° to 25.84°. 


Figure 12. Bidirectional model for partly cloudy over ocean. (See table 5 for explanation of data sources. 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 


Figure 12. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 

Figure 12. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 12. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 

Figure 12. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 

Figure 12. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 


Figure 12. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 

Figure 12. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 12. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 

Figure 12. Concluded. 
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VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 


(a) Solar-zenith-angle bin 1, 0° to 25.84°. 


Figure 13. Bidirectional model for partly cloudy over land or desert. (See table 5 for explanation of data 
sources.) 
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VIEWING ZENITH ANGLE( DEG ) 


(b) Solar-zenith-angle bin 2 } 25.84° to 36.87°. 
Figure 13. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 



Figure 13. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 13. Continued. 
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(e) Solar- zenith-angle bin 5, 53.13° to 60.00°. 
Figure 13. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 13. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 


Figure 13. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 
Figure 13. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 13. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 13. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 14. Bidirectional model for partly cloudy over land-ocean mix. (See table 5 for explanation of data 
sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 
Figure 14. Continued. 
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VIEWING ZENITH ANGLE( DEG ) 


(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 
Figure 14. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 14. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 


Figure 14. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 14. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 
Figure 14. Continued. 
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(h) Solar-zenith- angle bin 8, 72.54° to 78.46°. 
Figure 14. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 
Figure 14. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 

Figure 14. Concluded. 


101 


oo-vicncn 



ANISOTROPIC FACTOR 


SCENE TYPE » MOSTLY CLOUDY OVER OCEAN 

DATA 1 - SW ANISOTROPIC FACTOR . „ 

2 - STANDARD DEVIATION OF SV RADI ANCES ( W/H**2/SR ) 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH i .C - 25. B 
hEAN ALEEDO * .2550 ( IB ) 

NORMALIZED ALBEDO * l.OCOC ( 16 ) 

RELATIVE AZIMUTH 



BIN NO. 
ANblE (DtG. 1 

I 

1 0- 

9 

2 

9- 

30 

3 

30- 

60 

4 

60- 

90 

5 

9 C- 

120 

6 

120- 

150 

7 

150- 

171 

8 

171- 

100 

VIEWING ZENITH 
BIN NO. ANGL E ( D E G • 1 
i 0-15 

> 

1.05 

<►2.0 

-.203 

<11) 

(11) 

til) 

1.05 

42.6 

-.263 

(11 ) 
(li) 
ill J 

i.05 

42.6 

-.263 

(11) 
(11) 
( 11) 

1.05 

42.6 

-.263 

(11) 

(11) 

(11) 

1.05 

42.6 

-.262 

(11) 

(11) 

(11) 

1.05 

42.6 

-.263 

(11) 
(11) 
( 11) 

1.05 

42.6 

-.263 

(11) 

(11) 

(11) 

1.05 

42.6 

-.263 

(11) 

(11) 

(11) 

2 

i.5-27 

1 . iO 
<►0.7 
-.274 

Cii) 

(11) 

ill) 

1.09 
41 .6 
-.260 

< 11 ) 
< 11 ) 
(11 ) 

1.06 

43.7 

-.271 

(11) 

(11) 

(11) 

1.03 
44. 5 
-.279 

(11) 

(11) 

(11) 

l.OC 

44.3 

-.247 

(11) 

(11) 

(11) 

1.02 

45.1 

-.249 

(11) 

(11) 

(11) 

1.03 

44.9 

-.230 

(11) 

(11) 

(11) 

1.05 

46.2 

-.235 

(11) 

(11) 

(11) 

3 


1.10 
*2.3 
-.27 a 

(11) 

(11) 

(11) 

1 * C 3 
40. b 
-.247 

(1a ) 
(11) 
(11 ) 

1.00 

42.6 

-.244 

( 11 ) 
(11) 
(11) 

1 .01 
44.7 
-.188 

(11) 

(11) 

(11) 

.96 
42 * E 
-.155 

(11) 

(11) 

(11) 

1.00 

43.7 

-.188 

< 11) 
(11) 
( 11) 

1.02 

43.6 

-.154 

(11) 

(11) 

(11) 

l.oe 

45.8 

-.219 

(11) 

(11) 

(11) 

4 

39-51 

1.03 

42.2 

-.276 

(11) 

(11) 

(11) 

1.0* 
41.9 
— •27b 

(11) 
(11) 
(11 ) 

1.00 

42.9 

-.272 

(11) 
(11 > 
( 11) 

.93 

41.1 

-.200 

(11) 

(11) 

111) 

■ 9 6 
43. t 
-.163 

(11) 

(11) 

(11) 

.99 

43.3 

-.127 

(11) 

(11) 

(11) 

1.06 

45.2 

-.174 

(11) 

(11) 

(11) 

1.1C 

45.5 

-.201 

(11) 

(11) 

(11) 

5 

5i -63 

1 .u7 
3 9.9 
-.269 

<x 1) 
(11) 
(U) 

1.02 

39.4 

-.264 

(li) 

(11) 

(11) 

1.02 

39.2 

-.234 

(11) 

(11) 

(11) 

.89 

36.2 

-.171 

(11) 

(11) 

(11) 

• 9 1 
37. 6 
-.186 

(11) 

(11) 

(11) 

.91 
37. e 
-.106 

(11) 
( 11) 
( 11) 

1.02 

41.0 

-.142 

(11) 

(11) 

(11) 

1.09 

42.3 

-.180 

(ID 

(11) 

(11) 

6 

t>3-75 

1.10 

36.9 

-.304 

(11) 

(11) 

(11) 

1.10 

37.8 

-.330 

(11 > 
(11 ) 
(lx) 

1.04 

35.5 

-.299 

(11 ) 
( 11) 
(11) 

.92 

31.0 

-.229 

(11) 

(11) 

(11) 

.86 

31.6 

-.239 

(11 ) 
(11 ) 
(11) 

.88 

31.8 

-.183 

(11) 

(11) 

(ID 

.99 

35.0 

-.235 

(11) 

(11) 

(11) 

1.09 

37.9 
-.224 

(11) 

(11) 

(11) 

7 

75-90 

1.13 

33.3 

-.347 

(11) 

(11) 

(11) 

1. 14 
34.7 
-.412 

( 11 ) 
(11 > 
(11 ) 

1.07 

31.8 

-.366 

( 11) 
( 11) 
(11 J 

.93 

27.0 

-.260 

(11) 

(11) 

(11) 

.86 

24.2 

-.302 

(11) 

(11) 

(11) 

.88 

24.8 

-.237 

(11) 

(11) 

(11) 

.99 

29.2 

-.314 

(11) 
(11 ) 
(11) 

1.06 

30.8 

-.296 

(11) 

(11) 

(11) 




(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 15. Bidirectional model for mostly cloudy over ocean. (See table 5 for explanation of data sources. 
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VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 


(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 
Figure 15. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 15. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 15. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00 . 
Figure 15. Continued. 
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(f) Solar-zenith-angle bin 6 : 60.00° to 66.42°. 
Figure 15. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 
Figure 15. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 

Figure 15. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 15. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 15. Concluded. 
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VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 


(a) Solar-zenith-angle bin 1, 0° to 25.84°. 


Figure 16. Bidirectional model for mostly cloudy over land or desert. (See table 5 for explanation of data 
sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 


Figure 16. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 


Figure 16. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 16. Continued. 
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(e) Solar- zenith-angle bin 5, 53.13° to 60.00°. 
Figure 16. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 16. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 


Figure 16. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 


Figure 16. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 
Figure 16. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 16. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 17. Bidirectional model for mostly cloudy over land-ocean mix. (See table 5 for explanation of data 
sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 
Figure 17. Continued. 


123 


in to oo 



ANISOTROPIC FACTOR 


SCENE TYPE * MOSTLY CLOUDY OVER LAND-OCEAN MIX 
DATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW RADIANCES(W/M**2/SR) 

3 - CORRELATION OF LW AND SW RADIANCES 
4 ) - DATA SOURCE 

SUN ZENITH : 36. 9 - *5.6 
mean ALBEDO i .3225 ( 19 ) 

NORMALIZED ALBEDO » 1.1622 4 19 ) 

RELATIVE AZIMUTH 

BIN NO. 123*5678 



ANGL E (DEG. 

) 0-9 


9- 

30 

30- 

60 

60- 

90 

9 C- 

120 

i 

o 

<\J 

150 

150- 

171 

171- 

180 

i/ItWING ZENITH 



















BIN NU. 

ANGL E ( U E G . 

) 


















1 

U-15 

.9* ( 

2) 

.9* 

4 2) 

.9* 

4 2) 

.9* 

< 2) 

♦ 9* 

( 2) 

.9* 

4 2) 

.9* 


2) 

.9* 

4 

2) 



*1.6 ( 

2 ) 

*1.6 

( Z) 

*1.6 

( 2) 

*1.6 

< 2) 

*1.6 

( 2) 

*1.6 

4 Z\ 

*1.6 


2) 

*1.6 

4 

2) 



-.*20 l 

2) 

-.*20 

( 2 ) 

-.*20 

( 2) 

-.*20 

< 2) 

- . *2 C 

< 2) 

-♦*20 

4 Z) 

-,*20 


2) 

-.*20 

4 

2) 

2 

i?-27 

.91 4 

2) 

.91 

( 2) 

.90 

4 2) 

.91 

4 Z) 

.97 

( 2) 

.99 

4 2) 

1.00 


2) 

.99 

4 

2) 



38.3 ( 

2 ) 

38.1 

l 2) 

30.6 

4 2) 

*0.0 

4 2) 

*2.5 

( 2 > 

*1.2 

4 2) 

*1.6 


2) 

*1.3 

4 

2) 



-.**♦7 4 

2) 

-.*65 

( Z) 

-.*27 

( 2) 

-.*03 

( 2) 

-.382 

< 2) 

-.386 

4 2) 

-.396 


2 ) 

-.372 

4 

2 ) 

3 

c 7-39 

.96 ( 

2) 

.95 

4 2 > 

.90 

( 2) 

.93 

4 2) 

.97 

( 2) 

1.0* 

4 2) 

1.06 


2) 

1.10 

4 

2 ) 



3*. 3 4 

2) 

37.9 

4 2) 

37.5 

( 2) 

39.* 

( 2) 

*0.* 

( Z) 

*0.8 

( 2) 

*1.7 


2) 

*1.5 

4 

2) 



-.*92 4 

2) 

-.**3 

4 2) 

- . *66 

( 2) 

-.307 

( 2) 

-,*13 

< Z) 

-.385 

( 2) 

-.338 


2) 

-.350 

4 

2) 

S 

3V-51 

1.0b ( 

2) 

1.01 

4 2 ) 

.99 

( 2) 

.90 

( 2) 

.96 

4 2) 

1,05 

( 2) 

1.4)9 


2) 

1.17 

4 

2) 



36.6 ( 

2 ) 

36. P 

( 2) 

39.* 

( 2) 

36.1 

4 2) 

38.2 

< 2) 

*1.2 

( Z) 

*0.0 


2) 

*1.3 

( 

2 ) 



-.*57 ( 

2) 

-.*<*b 

4 2) 

-.*67 

t 2 J 

-.*31 

4 2) 

-♦*32 

( 2) 

-.363 

( 2) 

-.322 


2) 

-.326 

( 

2) 

5 

m 

>o 

f 

1.18 4 

2) 

1 . 12 

( 2) 

1.0* 

( 2) 

.89 

( 2) 

.91 

4 21 

1.03 

4 2) 

1.12 


2) 

1.16 

4 

2 ) 



35.3 ( 

2) 

37.1 

< 2) 

37,2 

{ 2) 

3*. 9 

( 2 > 

35, 9 

( 2) 

36.7 

4 2) 

35.9 


2) 

36.2 

4 

2) 



-.*09 ( 

2) 

-.*15 

( 2) 

-.*22 

( 2) 

-.*0* 

4 2) 

-•*1 C 

< 2) 

-.3*2 

4 2) 

-.261 


2) 

-.281 

4 

2) 

6 

6i-75 

1.53 4 

d) 

1,26 

( 2) 

1.12 

{ 2) 

.06 

( 2 > 

.87 

4 2) 

1.00 

4 2) 

1.1* 


2) 

1.16 

4 

2) 



37.2 ( 

2 ) 

37.6 

( 2 ) 

35.9 

4 2) 

37.0 

4 2) 

3*. 9 

( 2) 

37,6 

4 2) 

33.8 


2) 

3*. 5 

4 

Z\ 



-.353 4 

2) 

-.**1 

4 2) 

-.**2 

4 2 ) 

-.*66 

( 2) 

-♦*35 

4 2) 

-.303 

4 2) 

-.258 


Z) 

-.26* 

4 

Z) 

7 

75-90 

1 .*3 ( 

2) 

1.35 

{ 2 > 

1.15 

4 Z) 

.66 

( 2) 

• 69 

( 2) 

.95 

4 2) 

1.12 


2> 

1.1* 

4 

2 ) 



35.3 ( 

2) 

3 5.6 

4 21 

3* , B 

4 Z) 

30.3 

4 2) 

32.2 

( 2) 

33.1 

4 2) 

29.9 


Z) 

29.9 

4 

2) 



-.396 ( 

2 ) 

-.*21 

4 2) 

-.*25 

4 2) 

-.396 

( 2 ) 

-.371 

4 2) 

-.221 

4 2) 

-.223 


2 ) 

-.199 

4 

2) 


ORIGIN AU PAGS IS 
OF POOR QUALITY) 



(c) Solar- zenith-angle bin 3, 36.87° to 45.57°. 
Figure 17. Continued. 
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VIEWING ZENITH ANGLE( DEG ) VIEWING ZENITH ANGLE( DEG ) 

(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 

Figure 17. Continued. 
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(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 
Figure 17. Continued. 
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(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 17. Continued. 
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(g) Solar-zenith-angle bin 7, 66.42° to 72.54°. 
Figure 17. Continued. 
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 

Figure 17. Continued. 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 
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VIEWING ZENITH ANGLE( DEG ) 


(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 
Figure 17. Concluded. 
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(a) Solar-zenith-angle bin 1, 0° to 25.84°. 

Figure 18. Bidirectional model for overcast scene. (See table 5 for explanation of data sources.) 
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(b) Solar-zenith-angle bin 2, 25.84° to 36.87°. 
Figure 18. Continued. 
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(c) Solar-zenith-angle bin 3, 36.87° to 45.57°. 
Figure 18. Continued. 
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°. 
Figure 18. Continued. 
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RELATIVE AZIMUTH 

BIN NO. 12345670 



ANGL EIDtG. 

) 0- 

■9 

9- 

•30 

30- 

60 

60- 

9C 

9 C- 

120 

120- 

•150 

150- 

171 

171 

-180 

V It* ING ZENITH 

















BIN HU. 

AN uL fc ( D E G . 

) 
















1 

0-15 

. 06 

(17) 

.86 

(17) 

.66 

(17) 

• B6 

(17) 

.86 

(17) 

• 66 

(17) 

.66 

(17) 

.66 

(17) 



28.9 

(17) 

28.9 

(17) 

28.9 

( 17) 

28.9 

(17) 

28. 9 

(17) 

28.9 

(17) 

28.9 

(17) 

26.9 

(17) 



-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

-.504 

(17) 

2 

15-27 

• 69 

(17) 

. 69 

(17) 

.89 

(17) 

.66 

(17) 

.87 

(17) 

.91 

(17) 

.91 

(17) 

.93 

(17) 



20.0 

(17) 

29.0 

(17) 

28.5 

(17) 

29.3 

(17) 

26. C 

(17) 

28.3 

(17) 

27.1 

(17) 

26.8 

(17) 



-.496 

(17) 

- . 5C6 

(17) 

-.472 

(17) 

-.473 

(17) 

- • 44 C 

(17) 

-.387 

(17) 

-.328 

(17) 

-. 329 

(17) 

3 

27-3*9 

.97 

(17) 

.95 

(17) 

.93 

(17) 

.89 

(17) 

• 8 E 

(17) 

.94 

(17) 

.94 

(17) 

.95 

(17) 



28.5 

( 17) 

28.3 

(17) 

27.1 

(17) 

27.8 

(17) 

27.5 

(17) 

26.9 

(17) 

26.9 

(17) 

27.0 

(17) 



-.406 

(17) 

-.402 

(17) 

-.491 

(17) 

-.516 

(17) 

-.441 

(17) 

-.362 

(17) 

-.292 

(17) 

-.236 

(17) 

4 

3V-51 

1.14 

(17) 

1.09 

(17) 

1.02 

(17) 

.92 

(17) 

.91 

(17) 

.96 

(17) 

1.00 

(17) 

1.01 

(17) 



26.0 

(17) 

26.8 

(17) 

28.5 

(17) 

27.8 

(17) 

26.4 

(171 

26.4 

(17) 

26.0 

(17) 

26.6 

(17) 



5C5 

(17) 

-.437 

(17) 

-.517 

(17) 

-.545 

(17) 

-.442 

(17) 

-.289 

(17) 

-.194 

(17) 

-.250 

(17) 

5 

51-63 

1*34 

(17) 

1.25 

(17) 

1.13 

(17) 

.96 

(17) 

.92 

(17) 

.97 

(17) 

1.04 

(17) 

1.07 

(17) 



26.3 

(17) 

26.8 

(17) 

27.2 

(17) 

26.1 

(17) 

27. C 

(17) 

25.8 

(17) 

23.2 

(17) 

24.3 

(17) 



-.314 

(17) 

-.235 

(17) 

-.395 

(17) 

-.556 

(17) 

-.499 

U7) 

-.241 

(17) 

-.169 

(17) 

-.060 

(17) 

6 

b3-7 5 

1.62 

(17) 

1.49 

(17) 

1,28 

(17) 

.97 

(17) 

.94 

(17) 

1.01 

(17) 

1.07 

(17) 

1.08 

(17) 



31. a 

(17) 

29.4 

(17) 

26.4 

(17) 

26.3 

(17) 

26. ; 

(17) 

25.3 

(17) 

21.7 

(17) 

21.4 

(17) 



-.071 

(17) 

-.114 

(17) 

-.36b 

(17) 

-.603 

(17) 

— * 54 fc 

(17) 

-.240 

(17) 

-.005 

(17) 

-.123 

(17) 

7 

75-9C 

1 .05 

(17) 

1.65 

(17) 

1.34 

(17) 

1.10 

(17) 

1.02 

(17) 

1.02 

(17) 

1.06 

(17) 

1.08 

(17) 



31.4 

(17) 

30.0 

(17) 

29.6 

(17) 

27.7 

(17) 

25.5 

(17) 

22.0 

(17) 

20.2 

(17) 

20.6 

(17) 



• 109 

(17) 

-.064 

(17 ) 

-.327 

(17) 

-.427 

(17) 

-.361 

(17) 

-.097 

(17) 

-.104 

(17) 

-.138 

(17) 



(e) Solar-zenith-angle bin 5, 53.13° to 60.00°. 
Figure 18. Continued. 
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ANISOTROPIC FACTOR 


original: page is 

^TT* T rrrnr SCENE TYPE « OVERCAST 

OF POOR QUALliY data i - $w anisotropic factor 

2 - STANDARD DEVIATION OF SW RADI ANCES <W/K**2/SR) 

3 - CORRELATION OF LW ANO SW RADIANCES 
C ) - DATA SOURCE 

SUN ZENITH 1 60. C - 66. A 
MEAN ALBEDO i .5300 ( 16 > 

NORMALIZED ALBEDO J 1.2A71 C 18 ) 

RELATIVE AZIMUTH 

BIN NO. 1 2 3 A 5 6 7 8 

ANbL E ( D EG . ) 0-9 9-30 30-60 60-90 9C-120 120-150 150-171 171-180 

VIEWING f. t N I TH 
BIN NO. ANbL fc ( DEG . ) 


1 

J -15 

.80 

(17) 

. 80 

(17) 

• 80 

(17) 

.80 

(17) 

. 8 C 

(17) 

• SO 

(17) 

.80 

(17) 

• 80 

(17) 



22.3 

(17) 

22 .3 

(17) 

22.3 

< 17) 

22.3 

(17) 

22. 3 

(17) 

22.3 

(17) 

22.3 

(17) 

22*3 

(17) 



- • 5Gu 

( 17 ) 

-.500 

(17) 

-.500 

(17) 

-.500 

(17) 

-• 50 C 

(17) 

-.500 

(17) 

-.500 

(17) 

-.500 

(17) 

2 

15-27 

.66 

< 1 7 > 

. 66 

(17) 

.65 

(17) 

• B2 

(17) 

.82 

(17) 

• 8 A 

(17) 

.86 

(17) 

.87 

(17) 



23. o 

(17) 

22. A 

(17) 

22.2 

( 17) 

22.1 

(17) 

21. E 

(17) 

21.7 

(17) 

21.1 

(17) 

21.5 

(17) 



-.519 

( 1 7 ) 

-.536 

( 1 7 ) 

-.507 

( 17) 

-.511 

(17) 

-.A92 

(17) 

A36 

(17) 

- • A21 

(17) 

- • A02 

(17) 

3 

27-39 

.95 

(17) 

• 9A 

(17) 

.90 

( 17) 

.87 

(17) 

.85 

(17) 

.89 

(17) 

.92 

(17) 

.89 

(17) 



20.7 

( A 7 ) 

22.5 

(17) 

21.6 

(17) 

20.6 

(17) 

21.6 

(17) 

20.5 

(17) 

20.3 

(17) 

20.7 

(17) 



-. 3 AO 

(17 ) 

-.516 

(17) 

-.523 

(17) 

569 

(17) 

-.525 

(17) 

-.383 

(17) 

-.308 

(17) 

- • 3 AO 

(17) 

A 

39-31 

1 « 1 3 

(17) 

1.11 

(17 ) 

1.03 

(17) 

.91 

(17) 

.89 

(17) 

.92 

(17) 

• 96 

(17) 

.96 

(17) 



20.6 

(17) 

21.5 

117) 

22.6 

( 17) 

21.5 

(17) 

21.3 

(17) 

20.7 

(17) 

19.5 

(17) 

20.9 

(17) 



-.337 

(17) 

-.413 

(17) 

- » A6 3 

(17) 

- • 5 1 A 

(17) 

-.52 2 

(17) 

-.372 

(17) 

-.221 

(17) 

-• 23 A 

(17) 

5 

31-63 

1.A2 

(17) 

1. 32 

117) 

1.17 

(17) 

.96 

(17) 

.91 

(17) 

.97 

(17) 

1.03 

(17) 

1 ■ 0 A 

(17) 



21.9 

(17) 

21.5 

(17) 

23.0 

( 17) 

22.3 

(17) 

21.7 

(17) 

20.5 

(17) 

18.3 

(17) 

19.9 

(17) 



-.099 

(17) 

-.237 

(17 J 

-.396 

( 17) 

-.566 

(17) 

-.537 

(17) 

-.266 

(17) 

-.168 

(17) 

-• 1A5 

(17) 

0 

b3— 75 

1 .07 

(17) 

1.67 

(17) 

1.39 

( 17) 

.97 

(17) 

.92 

(17) 

1.02 

(17) 

1.09 

(17) 

1.13 

(17) 



31.9 

(17) 

29.0 

(17) 

26.9 

< 17) 

23.3 

117) 

22. 2 

(17) 

19.7 

(17) 

17.6 

(17) 

16.5 

(17) 



.111 

(17) 

— • 0 7A 

(17) 

-.237 

(17) 

-.567 

(17) 

-.601 

(17) 

-.282 

(17) 

-.077 

(17) 

.020 

(17) 

7 

75-90 

2.25 

(17) 

1 , 96 

(17 ) 

1.53 

(17) 

1.17 

(17) 

1.07 

(17) 

1.05 

(17) 

1.11 

(17) 

1.14 

(17) 



39.8 

(17) 

33.5 

U7) 

29.5 

117) 

2 A • A 

(17) 

21.9 

(17) 

17.6 

(17) 

16.6 

(17) 

17.6 

(17) 



.166 

(17) 

.101 

(17) 

- . 2 A 5 

( 17) 

-.390 

(17) 

-.391 

(17) 

— • 1 A 9 

(17) 

-.077 

(17) 

- • 0 1 A 

(17) 



(f) Solar-zenith-angle bin 6, 60.00° to 66.42°. 
Figure 18. Continued. 


137 


m co p" ao 



ANISOTROPIC FACTOR 


SCENE TYPE l OVERCAST 

DATA 1 - SW ANISOTROPIC FACTOR 

2 - STAKDARD DEVIATION OF $V RADIANCES (W/M**2/SR> 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 

SUN ZENITH i 66. * - 72.5 
MEAN ALBEDO l .560C ( 18 ) 

NORMALIZED ALBEDO < 1.3176 ( 18 ) 

RELATIVE AZIMUTH 

BIN NO. 1 2 3 A 5 6 7 8 



Ah*L EtDEG. 

) 0- 

9 

9- 

30 

30- 

■ 60 

60- 

90 

9 C- 

120 

120- 

■150 

150- 

171 

171- 

■180 

VIEWING 2 1 N I TH 

















BIN NO. 

ANGL EtDEG. 

) 
















1 

J-15 

.75 

(17) 

.75 

(17) 

.75 

(17) 

.75 

(17) 

.75 

(17) 

• 75 

(17) 

.75 

(17) 

.75 

(17) 



16. A 

(17) 

16. A 

(17) 

16. A 

(17) 

16. A 

(17) 

16. A 

(17) 

16. A 

(17) 

16.4 

(17) 

16.4 

(17) 



-.530 

( i7 ) 

-.5 30 

(17 ) 

- . 5 3G 

(17) 

-.530 

(17) 

-• 53 C 

(17) 

-.530 

(17) 

-.530 

(17) 

-.530 

(17) 

2 

15-27 

• 81 

(17) 

. 82 

(17) 

.80 

(17) 

.77 

(17) 

• 7 1 

(17) 

.77 

(17) 

.79 

(17) 

.77 

(17) 



15.7 

(17) 

15.9 

(17) 

15. A 

(17) 

15.7 

(17) 

15. 3 

(17 ) 

15.3 

(17) 

15.3 

(17) 

16.0 

(17) 



-.522 

(17) 

-.556 

(17) 

-.529 

(17) 

-.559 

(17) 

- * A8 5 

(17) 

-• A86 

(17) 

-• A18 

(17) 

-.430 

(17) 

3 

27-39 

.92 

(17) 

.92 

(17) 

.86 

( 17) 

.60 

(17) 

. 8 C 

(17) 

.82 

(17) 

.85 

(17) 

.86 

(17) 



15.5 

(17) 

15.7 

(17) 

15.5 

(17) 

15.3 

(17) 

15.6 

(17) 

1 A . 2 

(17) 

15.2 

(17) 

15.1 

(17) 



-.509 

(17) 

- . A 7A 

(17) 

-.536 

(17) 

-.553 

(17) 

-.551 

(17) 

-.396 

(17) 

-.316 

(17) 

-.273 

(17) 

A 

39-51 

1.19 

(17) 

1.12 

(17) 

1.00 

(17) 

• 90 

(17) 

• 86 

(17) 

.88 

(17) 

• 92 

(17) 

• 92 

( 17) 


17.1 

(17) 

15.8 

(17) 

16.9 

(17) 

15.8 

(17) 

15. 1 

(17) 

1 A • 6 

(17) 

1 A , 0 

(17) 

14,0 

(17) 



- • 3 AA 

(17) 

-.300 

(17) 

- * A87 

< 17) 

-.569 

(17) 

-.553 

(17) 

-.399 

(17) 

-.205 

< 17) 

-.224 

(17) 

5 

5J.-63 

1.52 

(17) 

1. AO 

(17 ) 

1.19 

(17) 

.96 

(17) 

.91 

(17) 

.96 

(17) 

.99 

(17) 

1.01 

(17) 



21.5 

(17) 

18.2 

(17) 

19.3 

(17) 

16. 0 

(17) 

15. 3 

(17) 

1A.2 

(17) 

13.7 

(17) 

13. A 

(17) 



-.076 

(17) 

-.021 

(17) 

-.386 

(17) 

-.577 

(17) 

- • 60 A 

(17) 

-.283 

< 17) 

-.147 

(17) 

-.107 

(17) 

6 

63-75 

2.25 

(17) 

1.93 

(17) 

1.5A 

(17) 

1.01 

(17) 

.93 

(17) 

l.OA 

(17) 

1.11 

(17) 

1.15 

(17) 


39.6 

(17) 

30.3 

U7> 

23.3 

(17) 

16.6 

(17) 

15.5 

(17) 

1 A • 1 

(17) 

13.5 

(17) 

14.8 

(17) 



.032 

(17) 

.050 

( ±7 > 

-.181 

(17) 

-• 62A 

(171 

-.61 1 

(17) 

-.215 

(17) 

-.099 

(17) 

.034 

(17) 

7 

75-90 

2.91 

(17) 

2.39 

(17) 

1.7A 

(17) 

1.27 

(17) 

1.13 

(17) 

1.12 

(17) 

1.19 

(17) 

1.22 

(17) 


A 7 . 1 

(17) 

37.1 

(17) 

26. A 

(17) 

19.3 

(17) 

16. 5 

(17) 

12.9 

(17) 

12.4 

(17) 

13.1 

(17) 



. 130 

(17) 

.021 

(17) 

-.126 

(17) 

-.367 

(17) 

-.35 2 

(17) 

-.079 

(17) 

-.076 

(17) 

.125 

(17) 



(g) Solar-zenith- angle bin 7, 66.42° to 72.54°. 
Figure 18. Continued. 
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ORIGINAL PAGE IS 
OE POOR QUALITX 


in cor" cd 


ANISOTROPIC FACTOR 


ORIGINAL PAGE IS 
OF. POOR QUALITY 


SCENE TYPE t OVERCAST 

OATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SV RADIANCES (V/M**2/SR> 

3 - COR RELATION OF IV AND SV RADIANCES 
( ) - DATA SOURCE 


SUN ZENITH J 72. 5 - 78.5 
MEAN ALBEDO J .5900 ( 18 > 
NORMALIZED ALBEDO * 1.3E8Z < 18 ) 


RELATIVE AZIMUTH 


BIN NO. 
ANOLE(DEG.) 

VltUlNG ZENITH 
BIN NU. ANGlEIDEG.) 
i J-i 5 


2 15-27 


3 27-39 


* 39-31 


5 Ji-b3 


6 o3 -75 


7 75-9U 


123*567 8 


u- 

9 

9- 

30 

30- 

60 

60- 

90 

9 C- 

120 

120- 

150 

150- 

171 

171- 

180 

.7 yJ 

(17) 

.70 

(17) 

.70 

(17) 

.70 

(17) 

• 7 C 

(17) 

.70 

(17) 

.70 

(17) 

.70 

(17) 

9.9 

117) 

9.9 

(17) 

9.9 

(17) 

9.9 

(17) 

9.9 

(17) 

9.9 

(17) 

9.9 

(17) 

9.9 

(17) 

.5*A 

(17) 

-.543 

(17) 

-.5*3 

( 17) 

-.5*3 

(17) 

-.5*2 

(17) 

-.5*3 

(17) 

-.5*3 

(17) 

-.5*3 

(17) 

.76 

(17) 

.79 

<17 ) 

.76 

(17) 

.72 

(17) 

.72 

(17) 

.72 

(17) 

.73 

(17) 

.73 

(17) 

10.1 

(17) 

9.5 

(17) 

10.1 

( 17) 

10.0 

(17) 

10.2 

(17) 

9.8 

(17) 

9.1 

(17) 

9.5 

(17) 

.521 

(17) 

-.5*9 

(17) 

-.557 

( 17) 

-.589 

(17) 

- • 57C 

(17) 

-.535 

< 17) 

-.*66 

(17) 

-.*56 

(17) 

• B 9 

(17) 

. 89 

(17) 

.b* 

(17) 

.76 

(17) 

.75 

(17) 

.77 

< 17) 

.80 

(17) 

.80 

(17) 

10. A 

(17) 

10.2 

(17 ) 

10.3 

(17) 

10.1 

(17) 

9.7 

(17) 

9.5 

(17) 

8.9 

(17) 

7.9 

(17) 

•,**1 

(17) 

-.502 

(17) 

-.536 

(17) 

-.532 

(17) 

-.5*6 

(17) 

-.*88 

(17) 

-.308 

(17) 

-.158 

(17) 

1.21 

(17 ) 

1.13 

(17) 

.99 

(17) 

• 86 

(17) 

• 62 

(17) 

.82 

(17) 

.67 

(17) 

.89 

(17) 

io. b 

(17) 

11 .3 

(17 ) 

11.5 

(17) 

10.1 

(17) 

9.6 

(17) 

9.3 

(17) 

6.6 

(17) 

8.7 

(17) 

■* 2il 

(17) 

-.281 

(17) 

-.*4* 

(17) 

-.553 

(17) 

-.592 

(17) 

-.377 

(17) 

-.160 

(17) 

-.1*5 

(17) 

1 .63 

(17) 

1. *8 

(17) 

1.2C 

(17) 

.95 

(17) 

• 88 

(17) 

.92 

( 17) 

.96 

(17) 

.97 

(17) 

17.0 

(17) 

1* .7 

(17) 

13.8 

(17) 

10.7 

(17) 

9. * 

(17) 

9.2 

(17) 

8.7 

(17) 

8.5 

(17) 

.022 

(17) 

-.035 

(17) 

-.257 

(17) 

-.5*5 

(17) 

-.562 

(17) 

-.287 

( 17) 

-.130 

(17) 

-.1*7 

(17) 

2.6* 

(17) 

2.23 

(17) 

1.65 

(17) 

1.02 

(17) 

.92 

(17) 

1.06 

( 17) 

1.13 

(17) 

1.17 

(17) 

41.8 

(17) 

31.6 

(17) 

21.0 

(17) 

11.1 

(17) 

9. 6 

(17) 

9.5 

(17) 

9.3 

(17) 

10.6 

(17) 

.037 

(17) 

.0*8 

(17) 

-.099 

(17) 

-.55* 

(17) 

-.562 

(17) 

-.110 

(17) 

-.053 

(17) 

.095 

(17) 

<>.00 

(17) 

2.9* 

(17) 

2.00 

(17) 

1.37 

(17) 

1.1 f 

(17) 

1.16 

( 17) 

1.26 

(17) 

1.32 

(17) 

53.0 

(17) 

38.2 

(17) 

25.1 

(17) 

15.5 

(17) 

12.2 

(17) 

9.5 

(17) 

9.6 

(17) 

11.2 

(17) 

-. i92 

(17) 

.013 

(17) 

-.011 

(17) 

-.267 

(17) 

-.256 

(17) 

.082 

( 17) 

.09* 

(17) 

• 230 

(17) 



(h) Solar-zenith-angle bin 8, 72.54° to 78.46°. 
Figure 18. Continued. 
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ANISOTROPIC FACTOR 


SCENE TYPE * OVERCAST 

DATA 1 - SW ANISOTROPIC FACTOR 

2 - STANDARD DEVIATION OF SW RADIANCES (H/M**2/SR) 

3 - CORRELATION OF LW AND SW RADIANCES 
( ) - DATA SOURCE 


SUN ZENITH l 70,5 - 84,3 
MEAN ALBEDO i .6200 < 16 ) 
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26°. 


Figure 18. Continued. 
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(j) Solar-zenith-angle bin 10, 84.26° to 90.00°. 

Figure 18. Concluded. 
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Figure 20. Directional albedos over ocean scenes. 



Figure 21. Directional albedos over land scenes. 
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Figure 22. Directional albedos for clear over snow and clear over desert 
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